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es what couldn’t be done in glass has become 
a habit at Corning—and this is a good example. 
“You can’t solder metal to glass’— they said. But 
Corning Research did it. 

Now Corning has developed a metallizing method 
whereby the base for the solder becomes an insepara- 
ble part of the glass and so provides a permanent, air- 
tight seal. The metallized layer solders almost as easily 
as brass or copper and is not harmed by normal solder- 
ing temperatures. Parts can be soldered to it by any 
ordinary soldering iron, soft-air-gas flame or induc- 
tion heating. 

Also important—Corning type metallizing can be ap- 
plied to an extremely wide range of glasses. Where 


——means —— 
Research in Glass 
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extreme resistance to thermal or mechanical shock i 
required it can be applied to Corning’s tempere 
glasses. Where electrical characteristics are of first im 
portance it can be applied to Corning’s special low 
loss glasses. 


This unique method of metallizing is just one of th 
ways that Corning’s knowledge and experience ma 
some day save you time and money. If you'd like t 
know more about us, we have a suggestion. Send fo 
the study, “There Will Be More Glass Parts In Post 
War Electrical Products.” It’s free. Just write to th 
Electronic Sales Department N-7 Bulb and Tubin; 
Division, Corning Glass Works, Corning, N.Y. 
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There are many dancers in the ballet but only one Premiere Danseuse. It’s. 
the quality of performance that counts... the exquisite skill and precision | 
that is acquired only through long years of training and experience. - 
One always stands out! Among insulators it’s ALSIMAG. 
_ALSIMAG Steatite Ceramic Insulators are the result of 42 years of! 
Leadership in the ceramic field. The knowledge, skill and precision gained! 


from these years of experience is your assurance of the quality of ALSIMAG; 
performance. . 
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XLUORESCENCE is a 
a smart way of peaying 
“fluorspar luminescence.” 
Ninety years ago the great 
mathematical scientist, 
George Gabriel Stokes, was 
doing a chemical experiment 
with fluorite, when acciden- 
ally the rock came into view of an arc lamp. Stokes 
noticed the color of the crystals change suddenly from 
green to blue. His keen mind went to work on that trivial 
observation. 
Fortunately he was not only a smart physicist and 


Cheniist, but a brilliant mathematician. For many years | 
he studied this experiment and eventually evolved Stokes’ 


Jaw of fluorescence. He found that fluorescent light is 
‘emitted at a lower frequency and longer wave length 
than the exciting light; hence fluorescent colors, to be 
visible, usually require excitation from an invisible light of 
higher frequency, such as ultraviolet, cathode rays, or 
‘XX rays. Blue or violet visible light may cause green, 


cent infrared rays which are invisible. 
po a & 
a” ; ie THEORY 
_ Fluorescence, or photoluminescence by exposure to 

‘invisible radiations, is entirely different from colors seen 
io. ordinary light reflection or transmission. ~ Reflected 
light has the color or frequency that was in the original 
light, just as an echo of sound has the same pitch as the 
original sound waves. Fluorescent color is independent of 
the surface color caused by ordinary visible light. The 
henomenon may be due to atomic resonance or “sym- 
pathetic vibration” of electrons within the molecules. . 

_ Fluorescence depends on the chemical or atomic molecu- 
lar structure of the material which fluoresces. Each atom 
has electrons revolving in certain orbits or potential levels. 


The outer electrons may be elevated to other orbits — 


‘normally vacant. There are potential levels about the 
“nucleus of every atom much like gravitational levels about 
the earth, or like planetary orbits about the sun. If the 
electrons within an atom are arranged so that one of these 
‘can vibrate freely at a certain higher frequency, then by 
ifeconance it may absorb energy from a high- frequency 
exciting light source and temporarily revolve in an orbit 
with higher energy. When it falls back to its normal orbit, 
the extra ene gy which it received will be reradiated as 


light, but of a lower frequency or different color from the _ 


exciting ray. 
Stated again in a different way, when a quantum bullet 


(energy photon) of high-frequency light collides with an. 


or vibrating Pea in its normal place, the 
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Ultraviolet light and fluorescence are useful 
aids in the mining industry. This engineer 
describes their general uses and limitations, 
and explains the theory of fluorescence in 
simple terms without resort to complicated 
mathematical or physical details. _ 


yellow, or red fluorescence, or may even produce fluores- 


-cited to the higher level, 4 is Planck’s constant, and f — i 
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electron may be knocked 1 aa 
some other level fartherfrom _ } 
the nucleus of the atom. 
Whenever the electron falls 
back to its normal level, the 2 
increased energy which it 
received from the photon is 
reradiated as light, but gen- — er 


‘erally at a lower frequency than the etieinial light beam > - 


Apparently the electron cannot absorb all the energy of. ee 
the photon; otherwise the reradiated energy would have 
the same color. eh 

The reradiated energy is the difference in total. energy 


‘between the atom or molecule which is excited and that a 


which is not excited. The amount of this energy is di- Se 
rectly proportional to the frequency or color of the re- A 
radiated light. A scientist named Planck wrote the law 
thus: ' ; Loe pee 


E=Ejy,—E,=hf . et 


where E is the reradiated energy, E, is the normal energy A Se 
of the atom, £,, is the total energy of the atom. | when ex 


GERMICIDAL ENERGY< 


Figure 1, Schematic diagram of sunlight spectrum, showing the Ai Be ; 
Penge: of wave lengths of infrared, visible light, and ultraviolet * 
energy , Bea 

ee 


is the frequency of the reradiated light. . F ‘eft 

Ifthe displacement is instantaneous only and ceases 
immediately with the excitation, the phenomenon’is — 
called fluorescence. If the displaced electrons do not all 
immediately return to their normal places, but do so _ 
gradually, the emission is called phosphorescence. The 
displaced electron may fall back in a single movement or 


H. T. Plumb is a consulting engineer, Salt Lake City, Utah. . 


Essential substance of a paper presented at the AIEE national technical meeting, 
Salt Lake City, Utah, September 3, 1943. 
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RELATIVE INTENSITY 


former, vibrator, and battery.. 


on the left 


© 
fe) 
a olay) 


hesitate at an- intermediate level. A baseball batted high 
_ into the air will give a rough illustration of this. The ball 
is pushed to a higher’ gravitational level above the earth 
by energy from the bat. It does not stay at the new level 
but falls to its original level. Not all of the energy re- 
ceived from the bat is returned to the catcher’s hands; 
some is lost enroute. Losses may lower exciting energy so 
that the energy is reradiated at a lower frequency. 
- The returning ball may be held for a time in the top of 
a tree, or at some intermediate level. This temporary 
delay may help us understand phosphorescence: The 
_ phosphorescent delay in crystalline substances is due to 
slight amounts of metallic impurities which, imbedded in 
the “crystal lattice,’ act in similar capacity to the tree 
limbs above. All substances phosphoresce slightly, oe 
- more so than amorphous material. 


There are other and more confusing eee ways 


of explaining fluorescence. 
these are omitted here. 
When a photon bullet has sufficient energy to force an 


For simplicity and brevity 


electron completely away from the atom, no fluorescence | 
The ma-— 


occurs. This is called the photoelectric effect. 
terial containing the incomplete atom is left temporarily 
with a positive electric charge, and the wandering elec- 


rong 


IE 
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Figure 2. Smallest portable mineral lamp, 
complete with quartz tube, filter, trans- 
A four- 


watt mercury-arc lamp suitable for use 
therein and its characteristic are shown ~ 


fluorescent spectrum. | 


fluorescence, or may change entirely the color emit 


materials usually fluoresce. ee)! 


Figure 3 (left). High-pressure 100-watt 
mercury-arc lamps for laboratory and home 


A. S-4sunlamp, with Corex glass outer globe 
B. AH-4, with plain glass outer globe 
C. BH-4, with ultraviolet filter globe 


Figure 4 (right)... Viewing box for daytime 
examination in the field making use of a 
portable lamp 


4k 
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tron : ill bring a negative charge: tov 
tacts. 
_ We have ont explaining this ‘dicdry as ston 
was only one bullet’ hitting one electron. Ac 
the ultraviolet source is pouring out a barr 
bullets at various frequencies. Some of the lower- 
frequency shots may be effective; some of the hig r- 
frequency shots may be effective; but the most eff et 
tive results will come from a certain definite frequency. 
Each material will fluoresce best for one certain 
quency of incident light. Increasing or decrea 
the incident wave length tends slightly to increase 
decrease the fluorescent wave length. But this fi 
quency relationship is not a simple fixed numerical 
_ratio such as octave or harmonic. Every substance has” 
its own arrangement of molecules, atoms, and 
trons, and, therefore, its distinct tone or response 
quency, much as each string in a piano is tuned di 
ently and will resound to a different frequency. 
The fluorescent response of a material may be a 
single frequency or color, or a mixture of several b: 
of color, or a continuous spectrum of all visible c 
affecting the eye as white light. ~The eye averages all it 
sensations into one composite color. Spectographic < analy- 
sis would give separate information with each line i in 1 


It is well to remember that the human eye is 
limited detector of light. The best eye can see only 
octave of color while sunlight contains many octav 
This indicates how color-blind we really are. Subst 
photelectric eyes with high-power amplifiers in pl 
the human eye and the vast range of fluorescent 
with which to detect an infinite variety of chemical contd 
binations becomes apparent. an 

It is interesting and important to tabulate the Ww 
lengths and vibration frequencies of various colors 
radiations. A few of these are given in Table I. The Tir 
stated are approximate but close. 


CHEMICAL ANALYSIS BY FLUORESCENCE 
Analyzing rocks, minerals, and chemicals by 
cence is not yet an exact science, or rather it is i 
plicated a mathematical study for beginners. Very ght 
amounts of chemical impurities may permit or p 


Similarity of color does not guarantee the same ch: 
content; important determinations should be ch 


chemical assays. Temperature effects fluorescence 
phosphorescence. Pure metals seldom fluoresce; 


‘TYPE OF LAMP — 


Maria: 


Be 4 r Table 4. Electromagnetic Waves 


Frequency Wave Lengths 
-(Trillions of Cycles a 
Per Second) Angstroms Microns 
(1012) (A) () 
gee ee ——— - 7 Soe : —s —_—_—_ a 
Infrared rays ! 
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“Middle ultraviolet”.......... 1000 see aor 3000 eae oe 0.3 
ROI rss cates se een TSOO ie cnt POO Qs fe cevarats 0.2 
hamulteaviolet? oS. 5 s.e oe TOO ss. ns DOO! torr vstote 0.2 
PO eee ines 3,000.0... 0%) 1000S risyacs 0.1 
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REON ESE WAVE nara craters. ares cer SAW}0M Farin cen LOOOl scrsrc's. ove 0.1 
MNOMKEIE Wa VES ayers a da stek anne -.30,000, 000 ee Poco Ql rrjeterars 0.00001 


excite fluorescence, reach the earth’s outer atmosphere. 
But air is a poor conductor of high-frequency light, and 


therefore, at the earth’s surface sunlight contains very little _ 


short-wave ultraviolet. The authar has a portable day- 
light device for examining specimens in the field. It 
works well for materials which fluoresce with low fre- 
quency ultraviolet. Fortunately, men have learned how 
to build arc lamps which produce an abundance of higher- 
frequency, light. These mercury-vapor “‘sun lamps’’ are 
. _ available for health purposes and for many commercial 
uses. Used with special glass filters which absorb the 
visible rays, they are powerful sources of invisible light 
_ with which to study fluorescent materials. 
. MINING RA te 
_ In prospecting for ‘minerals it is necessary to use 
very high-frequency ultraviolet light from a mercury. arc 
enclosed in a quartz tube. Ordinary glass is not trans- 
meparent to high-frequency light. An electric arc in low- 
pressure mercury vapor is rich with invisible high-fre- 
_ quency rays, but it is bright with visible light. Hence 
_ there must be a special filter to remove as much as possible 
of the visible light. The chief difficulty lies in securing a 
filter glass which will remove the visible light without also 
_ stopping the high-frequency ultraviolet rays. ‘The best 
glass filter available is Corning 986, which transmits from 
‘yisible violet up to about 2,537 angstroms, or the 
center of “middle ultraviolet.’’ This will fluoresce wille- 
_ mite and scheelite and also pass erythematous health rays 
and some germicidal rays. 
_ Most commercial lamps have imperfect filters ahichs pass 
_ too much visible and not enough of the very-high-fre- 
quency light. This may result in poor tests due to color 
confusion. High-pressure lamps give more high fre- 
"quency if the outer glass globes are removed. 
_ Different materials which fluoresce the same color may 
‘ require widely different excitation frequencies. Recogniz- 
ing this important fact, the author has invented a test 
lamp which radiates two or more beams of different fre- 
quencies. This lamp makes the determination of ores, 
such as scheelite, more precise and makes it possible to 
avoid expensive errors. If such a lamp cannot be se- 
cured, and one is using a high-frequency lamp which 
- fluoresces scheelite, check further with some low-frequency 
lamp such as the Purple-X incandescent lamp. 
c _ The test lamp should be used in total darkness, at night 
; or in a dark room. Time should be allowed for the human 
rs 


3 
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Table II. Utah Minerals Which Fluoresce 


* Abbreviations used in table are: Gen., general; Y., yellow; G., green; W., white; : 


R., red; P., pink; Bl., blue; Br. . prawns Pur., purple; and O., orange. 
i 


eye to become sensitive to the dim light of fluorescence. 
When visible light is used it also should be dim and 
shielded to avoid glare. Avoid looking directly into the 
ultraviolet light, as it may be harmful to the eyes. 
Whenever possible it is best to bring specimens to a high- 
power lamp operating from a 120-volt a-c transformer. 
When this is not feasible, a smaller portable lamp, with 
battery-operated vibrator, may be taken to specimens in 
the field. Prospecting with fluorescence is new and often 
misinterpreted. However, good lamps, are not too ex- 


pensive, they give immediate results and have become very 


pepe aids in prospecting, mining, and milling. 


ROCKS WHICH FLUORESCE 
We have tested many Utah minerals. Those which 


fluoresced are listed in Table II, with the colors of the 


reradiated light and the places where found. Of course 
the list is not complete and will be amplified by further 
tests. : 

Similar rocks from other states, for the most part, 
fluoresce in the same general way. The fluorescent colors 
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by 
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Figure 5. Relative intensities of mercury "ghey before transmis- 
sion through tubes and by Corning 986 filter glass 
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of lamp used, Too much or too little of an impurity 
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- Electronic Graphical 


Prior to 1918 only a few vacuum tubes of a simple ae 
“usualy a glass envelope enclosing a filament, a plate, and 
a control grid, were in use. Recently, especially i in the 
bod war. program, they constantly are being applied in new 
fields and the demands of the Armed Forces, particularly 
Rie for communication and electrical detecting devices, have 
A accelerated their use to an unprecedented degree. Even 
a in civilian life the expansion will be noticeable: four or 
“y more types of tubes now will be used in every home radio 
receiver and in manufacturing processes many types of 
. control equipment incorporate electronic devices. 

_ As a result electronic devices have become so compli- 
4 ened in structure that simple picturization on drawings 
is no longer feasible. For this reason an approved Ameri- 


~ 


can Standard Z 32.10-1944 co-ordinating and standardiz- \ 


mn ing graphical symbols depicting electronic devices on 
Vy drawings has just been completed by a committee working 
be under the sponsorship of the AIEE and The American 
_ Society of Mechanical Engineers. In the new Standard 
Ft the graphical symbols for electronic devices have been 


At the left is a typical picturization of a 1916 del of 
Represented by the resistor symbol, the 


Figure 1. 
an amplifier tube. 
grid was supposed to depict the resistance of the flow of electrons 
from the cathode to the plate, the former being the simple 


filament type and the latter a simple surface. The tube en- 

_ velope is not even represented. On the right, a triode-heptode 

with rigid envelope connections and basing information becomes 

quite a complex diagram of connections when all this information 
is shown 
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0.45 MICRONS — 


vary with the chemicals contained in each specimen and, - 
therefore, with the locality, and somewhat with the type — 


_ made a study in themselves, for, although they always are 


Electronic Graphical Symbols Standardized 


4 ay ue Tea te «~~ Ades! 
| ay i ae * ifs 
may , totally. prev at: fluorescence. 


- specimen. bys fluorescence and P ., 
entirely different. ; + 
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THE FUTURE 
“Chemical = analysis which einpiee on bas be 


anal eeee and bcontiaties sanalvals by fl fa 
be nate more bit cor than now. Metis evi 
fl 


will intaineet he. atomic apres wit 
; materials. 


‘ 


on Le 
® ra. 


Symbols Standardi eC 
used as a part of pera or comm a ei 


ae the devices poe belong to a disti : 
tu b co 
are followed Pid anise aoe 
various classes of devices sui 


Figure 2. This simplified - 
diagram of a diode-pentode 
with pentode amplification 
.added to the tube is repre- — 
sentative of those recom- 
mended by the new Stand- 

ard pili 


pathodeuray fines pea eoe andi. veloci 
tubes. To formulate a symbol for any specifi 
_ components are selected from the list given or 
~ the assembling of component symbols. 
The symbols for electronic devices are inte 
marily to indicate only electrical functions, 
respective physical pattern may be indicated in aSES 
_ where basing diagrams are required. In g eral he 
physical relation of component parts of a piece of 
ratus appears as far as possible without undue c 
tion of the symbol, or drawing. 
Symbol sizes and line widths as déniacedy in the ata 
have been designed for average drawing use and, wh 
reduced two to one, result in sizes which seem most d 
sirable for publication. The size and width of lines r may 
altered as required, although it is believed that the . 
shown in the Standard are the best possible for gen 
usage. Wires need not be brought into the symbol 
any particular position but may be varied as required 
simplify the wiring pattern in a specific circuit drawin 
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Fluorescent Lighting of Aircraft Instruments 


NSTRUMENT  ILLU- 

MINATION by ultra- 
violet flood lighting is the 
use of near ultraviolet rays 
to activate the fluorescent 
and luminous markings on 
aircraft instruments to pro- 
duce a uniformly illuminated 
instrument panel with no 
apparent visible light in the 
cockpit. Ultraviolet radia- 


‘A.D. DIRCKSEN 


ASSOCIATE AIEE 


Lighting of instruments in airplanes by the 
use of indicator markings that fluoresce when 
bathed.in ultraviolet radiation is one of the 
latest developments that adds to the con- 
venience and safety of the crew. The light 
is not detectable by enemy airmen, does not 
cause unwanted reflections, and does not im- 


pair night vision. Through several stages of 


development, a blue fluorescent mercury- 
vapor lamp which operates on the 24-volt d-c 


Fluorescent ultraviolet in- 
strument lighting replaced 
the unsatisfactory type of 
individual instrument light- 
ing by direction of the 
Chief of the Air Corps (now 
Army Air Forces) in Janu- 
ary 1940. Steps were being 
taken at that time for sery- 
ice test of the fluorescent 
ultraviolet lighting system. 


tion also is called ‘“‘black 
light’? commercially. 

The radiation used in this 
application is in the near 
ultraviolet region which is just below the visible portion 
of the light spectrum. It-may be obtained from blue 
fluorescent, argon glow, and mercury-vapor lamps, and 
also from incandescent lamps operated at a high filament 
temperature which produces high light output at the ex- 
pense of short lamp life. Of these lamps, the most efh- 
cient source for this radiation is the blue fluorescent lamp 
with a special blue phosphor powder. 

The fluorescent instrument lighting system, including 
the blue fluorescent lamps, the lamp assemblies, and re- 
lated operating equipment (including the vibrator in- 
verter), has been developed by the Engineering Division, 
Wright Field, in conjunction with the lamp and fixture 
manufacturers. 


A. D. Dircksen is a major in the United States Army Air Forces, assigned to the 
electrical branch, engineering division, Matériel Command, Wright Field, Dayton, 
Ohio. 

Essential substance of an address presented before the AIEE Dayton Section, 
February 2, 1944, in Dayton, Ohio. 
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system of the airplane has been produced for 
generating the ultraviolet radiation. 


Accelerated | comparative 
flight tests were conducted 
at Wright Field on the 
individual instrument light- 
ing and lighting by ultraviolet radiation from argon and 
blue fluorescent lamps. The fluorescent system was by 
far the best as the near ultraviolet radiation obtained 
from the blue fluorescent lamps was in excess of that re- 
quired for the worst conditions of dawn and dusk. Be- 
cause of this property of the lamp, a dense ultraviolet 
filter was used to eliminate nearly all traces of visible light 
in order to permit operation in a cockpit of practically 
total darkness so as to improve the dark adaptation of the 
crew for night operation and to minimize reflections in the 
windshield and canopy. The argon lamp, with thin ultra- 
violet filter, provides insufficient radiation to produce 
clear and well defined numerals, and unless placed very 
close to the instruments adds little to the original bright- 
ness of. the self-luminous material. The self-luminous 
material (greenish color) has been changed to orange 
fluorescent material in order to improve the dark adapta- 
tion of the crew for night operations. However, a few 
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navigational instruments retain limited markings of self- 


luminous material (orange) for safety in case of for: 
of the lighting or electrical systems. 

The blue fluorescent lamp is a mercury-vapor lamp 
which has a coating of fluorescent material on the inside 
of the bulb.. This coating transforms the short ultraviolet 

rays of 2,537 angstroms to near ultraviolet rays of a wave 
- length of 3,650 angstroms. The radiation emitted from 
the blue fluorescent lamp assemblies, with the ultraviolet- 
light transmitting filter glass, is of the near ultraviolet light, 
as shown by curve A of Figure 1, and is not injurious to the 
-eyes or skin. The harmful ultraviolet rays are absorbed 
_ by the glass bulb of the lamp and the filter. The emission 
of the blue fluorescent lamp alone is shown by curve F 
which peaks at 4,400 angstroms and the filter peaks at 
approximately 3,650 angstroms, at which value the fluores- 


cent material used for the dial and peuier markings func-— 


tions most efficiently. 
_ The near-ultraviolet rays enter ant the’ lamp as- 

semblies are harmless; however, the assemblies should be 
-mounted between the operator and the panel and directed 

so that none of the direct rays reach the eyes of the opera- 
These rays may cause fluorescence of the eyeballs 
resulting — in discomfort and temporary impairment of 
vision which destroys dark adaptation and appears as a 
light fog; however, no ill affects will result. With the 
lamp assemblies’ properly mounted and directed toward 
the instrument board there is no discomfort or annoyance 
to the operator but a pleasing uniformly illuminated 
instrument panel. The reflection of near-ultraviolet radia- 
tion from the dark-colored instrument panel and cockpit 
is practically negligible. Extensive flight tests indicate 


no eye strain or discomfort when compared to other os 


of instrument lighting. é 


‘DEVELOPMENT OF THE FIRST SUCCESSF UL LAMPS 


Because of the necessity for locating the lamp assembly 
-between operator and instrument panel, it was not possible 
to use the standard 15-watt 18-inch 110-volt blue fluores- 
cent lamp, and the lamp industry therefore was requested 
by the Matériel Command to develop a small 110-volt 
‘Blue fluorescent tubular lamp. The result was designs 
for a four-watt lamp six inches long, and a six-watt lamp 
nine inches long. Only the four-watt lamp was stand- 
ardized in order to minimize the number of types of aes 
and lamp assemblies. 
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025 030 035 040 0.45 0.50 0.55 060 065 0.70 
WAVE LENGTH ~ANGSTROMS x 104 
Figure 1, Relative amount of radiation from various sources in 


the ultraviolet and visible portions of the spectrum 


A Near-ulivaviolet light passed by filter glass used with fluorescent lamp 


‘assembly w 
B—Germicidal lamp D—Daylight 
C—Sun lamp E—Doaplight fluorescent lamp 
F—Blue fluorescent lamp 
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transformer. 


_ Figure 3. Cockpit 


niche varmagtees two or four Ae peainre) 400- lire: chok 
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pete : 
APERTURE MOUNTING BRACH eit 
72 IN.— 


Figure 2. Fixed type of cockpit fluorescent lamp centeeine or 
DiSevelt & a-c operation 


After these lamps were developed it was necessar 
obtain a'suitable lamp ballast, which is a series choke 
to limit the lamp current to 145 milliamperes at 115° 
alternating current. It was also necessary to obta 
suitable neon-glow automatic-starting switch, and inve 
to change 12- and 24-volt diréct current to 110-volt 
nating current for operation of the four-watt 110 
eubelar aa To reduce the inverter to minimum 


per second, with the series cones coil ipo > int 
A three-volt a-C pene was also pe 


fluorescent lamp , 
assembly for 24- || | 
volt d-c operation 


CONT ROL 
UNIT 


20 OHMS 
“FROM 28-VOLT ,, 


D-C POWER 
SUPPLY = — 


att Kenta If die mins: is soak a. 
110-volt 400- cycle rotary inverter, the vibrator tyr 
inverter is not required and is replaced by an auxi 


the tft Ba 3 “The Soa operates in a “manne 
similar to the usual commercial 15- or 20-watt fluoresce 
lamps with self-starting switches of the neon-glow type. 

The first fluorescent ultraviolet lamp assemblie 
ardized by the Army Air Forces were a fixed and a f 
type. The lamp housings of each lamp assembly 
identical except a 12-inch flexible arm is supplied 
flexible type instead of a fixed bracket. The flexib 
assembly is intended for use on fighter or single- 
type airplanes that normally use a stick-type co: 
when in use is placed . approximately over the 
stick to produce a uniformly floodlighted i 
panel. When not in use it is fastened, clipped 
to the side of the cockpit. The fixed-type | 
normally located on the control column, the 
surface of the light shield, the side of the fusela 
control pedestal. The lights should not be lo 
head, but the light beams should be retained a 
possible under the instrument panel light shield 
tween the operator and the instrument panel. 
assemblies are designed also to produce selective : 


Pres a ee 


as 
A 
igure 4. A bevel d-c fearticent 
ultraviolet lamp with starting and 
on-off switches incorporated in the 
_ lamp assembly 


} 


ak . F Ty PS ; 4 \ 


ght by rotating the lamp filter housing 180 degrees for 
illuminating maps and for floodlighting the cockpit, if 
desired, with visible (blue) light whee flying by instru- 
ments in bad weather, and have included in the base the 


automatic-starting switch of the neon-glow type, which is _ 


designed so as to serve also as a connector receptacle. 
Figure 2 shows such a lamp assembly. 


? 


i REDUCTION IN SIZE OF LAMP ASSEMBLIES 


In some installations, difficulty was encountered in. 


Be rstactorily locating the lamp assemblies because of 
their size, so smaller assemblies were then developed in 


which the length was reduced and the diameter was re-— 


duced to approximately one half that of the first type as 
described in preceding paragraphs. These units were 
ibricated with a lamp housing and a lamp cartridge but 
id not include the visible light feature. 


The lamp cartridge consists of a special fluorescent 
lamp comprising: a tubular ultraviolet-light filter bulb, 
and a small neon-type glow switch connected to the lamp 


erminals, mounted in a metal housing which includes a 
series of holes and an aperture for the light shutter. To 
hange the output, the knob on the end of the housing 
shell, which fits into a boss on the lamp cartridge, is 


turned to rotate the lamp cartridge to place the proper 


erture in line with the aperture of the lamp assembly 
housing. 
vibrator-type inverter. 


ry LAMPS FOR LOW-VOLTAGE D-C OPERATION 


The lamp industry was requested to develop a 24-volt 
d-c blue fluorescent lamp for operation directly from the 
standard 24- volt d-c electric system, thus eliminating the 
eed for the vibrator inverter. The result was the present 
four-watt blue fluorescent lamp with inden (polarized) 
bayonet candelabra 
base shown in Figure 
3. At this time a new 
and more efficient 
phosphor was de- 

veloped and used to 
Bain approximately 
the same light output 
as the Saath. 110- 
volt lamp. It also be- 
came possible to sim- 
plify the four-watt 110- 
volt tubular lamp by 
using this. new phos- 
phor with a round in- 
stead ofaflat bulb. | 
a A small light-weight 
fixture was designed to 
house the new four- 
watt 24-volt lamp for 


“ 


lamp assembly housing has a slotted filter arrangement to 


The control switch is in the input circuit of the _ 
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use as a cockpit light. 
stat-type control unit that includes the series ballast (20 
ohms) for the lamp, a dimming rheostat of 125 ohms, 
on-off switch, and manual starting switch. Dimming is — 
accomplished by reducing the voltage on the lamp. The - 


This unit is operated by arheo- 


obtain selective visible and ultraviolet light by rotating 
the lens housing head. The control unit is so designed — 
that the contact arm is held in the start position for ao 
few seconds to heat the lamp filament and vaporize the 
mercury. The arc is made upon release of this starting _ 
switch by the spring pressure to the ‘“‘on” position of the y 
control unit. — oe 

The 24-volt four-watt blue fluorescent lamps provide MAP es 
uniform floodlighting that is not detectable by enemy air- " 
craft with the least weight and power consumption of any ‘" * 
lighting system heretofore used by the Army Air Forces. 


STATUS OF CURRENT DEVELOPMENTS . 4 a f 


A recent development, shown i in Figure 4, proposes the - | 
use of an iris-type light shutter to aa the light output — 
from 100 per cent to zero instead of dimming by. rheostatic — i 
control, which could not be complete lest the are go out *: 
at approximately five per cent of maximum ultraviolet- — 
light output. This type is designed to give selective visible _ Pa 
and ultraviolet light by rotating the filter housing cap. 
A retractable cord has been developed for this light which Be. 
will result in a minimum amount of free length of cord to — a 
foul the controls and permit hand operation of the light a 
f cc Be 
or reading maps and searching in the cockpit. . 

Tests are also being conducted on a self-starting lamp Me 
circuit using the standard four-watt 24-volt blue fuoress a 
cent lamp. ; at 

It is difficult to locate ultraviolet lamps in the bombard-: 2 ; 
ier’s compartment that will illuminate the fluorescent — a 
markings of the bomb- 
sight, the fluorescent ad 
bombing tables and if 
charts, and the instru- 


es 


ments. . Therefore, a 
suitable headband, 


which permits the — 
bombardier to have 
free use of two hands, 4 
has been developed, 
for which a normal ‘ 
stowage position is 
located near the in- 3 
strument panel to il- — ? 
luminate the instru- 
ments until the bom- —_ 
_ bardier is required to. 


operate the charts, — 
bombing tables, and 
bombsight. : 
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_electrical machinery com- 
‘mittee has undertaken a. 


_ teristics 
_ regulators in order to lay 


ing standards which this 


oa 


2 
s 


Accuracy ot Control Device for Feeder- 
Voltage Regulators a ol 


HE transformer sub- 
committee of the ATEE 


study of the factors involved 
in the performance charac- 
of feeder-voltage  . 


subcommittee. 


the ground work for prepar- 


type of apparatus must meet 
to insure adequate perform- 
ance. Because voltage regu- 


_lators are important elements in most transmission and dis- 
- tribution systems, the transformer subcommittee.felt that a 
discussion of their characteristics would benefit the industry. | 


GENERAL 


The control equipment for feeder-voltage regulators 


Consists essentially of a voltage-responsive relay called a 


“‘voltage-regulating relay’ and a source of potential to 


indicate the voltage at the regulator. output terminals. 


These serve to control the operation of the regulator so 


that the output voltage can be held at a desired value 
under certain predetermined conditions. 


As an auxiliary to the voltage-regulating relay, there 
may be a “line-drop compensator” which simulates the 


_ voltage drop in the actual (or hypothetical) circuit being 


is regulated. This voltage is approximately proportional to 


the line drop and is introduced in series with the regulator 
voltage applied to the control element. 
thereby enabled to maintain desired voltages at ae 


_ remote from the point of installation. 


Other auxiliary devices may include time-delay relays, 


limit switches, control and protective relays of various 


kinds, and other equipment nequiged to perform specific 
functions. 
As the control voltage drops somewhat below the value 


for which the voltage-regulating relay is set, contacts are 


closed which energize some means for increasing the out- 
put voltage. Likewise, as the control voltage exceeds the 
value for which the relay is set, other contacts are closed 
which energize means for reducing the output voltage. 
The difference between the values of the control voltage, 
which caused the “‘raise”’ and ‘‘lower” contacts to operate, 
is known as the “relay band width.” The magnitude of 
this band width affects the frequency with which the 
regulator functions, since the smaller the band width, the 
more operations will occur in holding output voltage 
within desired limits. If the band width is too small the 
regulator will be in almost continuous operation. In the 
case of step-voltage regulators, the voltage-regulating- 
relay band width must, of course, be somewhat larger than 
the voltage steps to prevent hunting or pumping. The 
relay band width of all regulators is adjustable. « — 


» This report, sponsored by the transformer subcommittee of the AIEE committee 


on electrical machinery (M.S. Oldacre, chairman), was prepared by a working 
group consisting of J. E. Clem, J. R. North, W. C. Sealey, and C. F. Wagner, 
chairman. 


250 


The regulator is. 


, A standard for the Seaton of accuracy 
* tolerance and for the establishment of accu- 
racy classifications for voltage regulators is 
under preparation by the AIEE transformer 
This article, discussing the 
application and characteristics of such regu- 
lators, has been prepared in order that engi- 
neers interested in system design may be 
informed of the nature and effect of errors in 
the regulator control system. 


ra 


Control Devices for Voltage Regulators 
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_ The effectiveness of 
_ entire regulator is dire 
dependent upon the ope 
tion of the control de 
and any inherent lack of 
accuracy in their compo- 
nent parts is of serious con- 
cern. Erratic performance 
of voltage regulators due 
to inaccuracies of t 
control devices may 
quire excessive system 
vestments to avoid unsz 
facoes customer voltages and consequent customer com 
plaints. One might also question whether errors in t 
control devices affect the availability of the full rang: 
the regulator or limit the range of bus voltage over w 
satisfactory regulation is attainable. Before these qu 
tions can be discussed adequately, consideration must 
given in some detail to the functional requirements of 
regulator and its control device and the effects of in 
quacies upon the system voltages. 


SYSTEM CHARACTERISTICS — bys est 


_ Even with a perfect regulator, the voltage along a 
tribution circuit would vary with location, loading, 
time. It is recognized that some: tolerance in vol 
magnitude at the customer’s service entrance must 
allowed. The characteristics of utilization devices d 
mine the allowable upper and lower limits of the de 
voltage spread. ‘A 

Figure 1a is a schematic diagram of a typical distribu- 
tion circuit. Figure 1b shows the voltage distribution 
throughout the circuit for light-load and full-load conc 
tions. All voltages are given in terms of an equival 
120-volt base. The full-load voltage allocations w 
are eG of Base 3 ree are a 


volts drop in sae ee ae’ one alg in ite ser 7 
At extreme light loads, these voltage drops are assumed 
to be 25 per cent ot their maximum value. x 
It should be noted that the desired full-load. wilde at 
the first transformer is 125 volts, while the desired ig 
load voltage at this point is mien lower, or slightly 
121 volts. The reason for APS is that pare bat 


held at a high sti to AS eupeneaes fe abe oman rge 
drop in transformer, secondary, and service, while during ' 
the many hours of the day and the season of the year 
when the primary-circuit load is appreciably less than 
maximum value, it is equally desirable that the vol 
at the first transformer be held at a lower value to pre 
undue shortening of the life of lamps and many ( 
devices which are normally in use for long periods d du ing, 
the day. Peak loads on a distribution circuit are of v 
f be i 
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Figure 1._ Effect of control-device error upon voltage along distribution circuit 
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short duration and exist only a few hours during the year. 
It is equally important not to let the utilization voltage 
“become too low during the short peak period or too high 
during the very long off-peak period. 
The regulator setting to achieve the given light- and 
full-load distribution curves is determined by the inter- 
section, A, of the projections of the two voltage curves for 
the feeder. Thus the voltage-regulating relay must be set 
to 120 volts and, since the compensator responds only to 
the current in the feeder, its impedance must be adjusted 
‘to a fictitious length equal to that from the regulator to 
the intersection A. With the regulator at full “buck” the 
substation bus voltage at light loads can be as high as 
137 volts and at full “‘boost” at full load as low as 121 volts. 
Tt should be noted that the design requirements, as based 
on paragraph 6.002 of the 1942 American Standards 
Association Transformer Standard C-57, are 132 volts or 
110 per cent of rated voltage of the regulator at no load, 
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FEED POINT 
PRIMARY MAINS & LATERALS 


TRANSF - se eONDARY 


MAX. CUST VOLTAGE 
(AT FIRST CUST. OF FIRST TRANSF. 
AT LIGHT WITH REMAINDER OF 
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Me tas ‘ ’ 
and 126 volts or 105 per cent 
of rated regulator voltage at 
full load. 
LAST With the foregoing assump- 
TRANSF. tions, the minimum voltage at 
to a customer’s service entrance 
MEAT ane occurs under full load at the ~ 
; last customer in the secondary 
of the last transformer (speak- 
ing electrically) on the last 
lateral. This point is indicated 
by » and equals 114 volts. The: 
maximum voltage occurs at the 
first customer on the secondary ~ 
of the first transformer when 
.this particular transformer is 
lightly loaded but the system 


PRI MAINS & LAT, 


hee SONS as a whole is at fullload. This 
point is indicated by x and- 
seconpary equals 124 volts for this system. 


The total service voltage spread 
is ten volts. At any one cus-_ 
tomer the spread is not this 
great. The occurrence of light 
loads on the first transformer 
with full loads on the remainder 
of the distribution circuit in- 
volves some element of proba- — 
bility, but nevertheless it is” 
generally agreed it must be 
provided for. The voltages at. 
light load fall within the values 
discussed and therefore do not 
constitute a limitation. 

Figure 1c depicts the effect 
of the voltage-regulating-relay — 
band width and errors in the ~ 
control device upon the per- 
formance of the system. The 
shaded portion applies to a 
voltage-regulating ‘relay set in 
the same manner as for Figure 
1a except that the relay band 
width is +1 volt (0.8 per cent). 
Yq Because of lack of control 
within this band the voltage at 
any location can fall anywhere 
as within the band so marked. 
At full load the minimum service voltage—occurring again 
at the last customer connected to the last transformer—is 
4, instead of y, a value one volt less. Ifin attempting to 
regulate for this voltage the substation bus is 121 volts 
(as assumed in the first case) the regulator does not have _ 
to take its full “‘boost”’ position. Using the full capability 
of the regulator the substation bus can drop to E, (120 
volts) without dropping the minimum service voltage 
below y». 

To determine the maximum voltage that might be 
obtained at a customer’s service entrance, consideration 
must be given to the upper border of the band of regula- 
tion, which gives rise to the value x; (125 volts). Here, 
however, more definite consideration must be given to the 
manner in which the substation-bus voltage varies. If it 
is assumed that at full load on the feeder the substation- 
bus voltage always lies between E and £, then even if the 


SERVICE 


regulator is attempting to regulate for a value of x at the 
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_ minimum voltage at customer’s service entrance by one , 
-_ volt and increases the maximum voltage between zero and 


_ Distribution system design must allow for a reasonable 


- 


i 
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s 
_ substation voltage might have any voltage in the neigh- - 


es 
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first customer of the first transformer, this value of x, is” 


unattainable because even with full “boost”? the value of 
x cannot be exceeded. Qn the other hand, if the assump- 
tion is made that for full load on the feeder the substation 
_ bus voltage might have any value near E but not below 


‘it, then the bus voltage might have the value £, while the — 


regulator is attempting to regulate on the upper border of 
range and therefore the maximum voltage on a customer’s 
service is x;. A similar condition applies for larger values 
of substation voltage for full load in the feeder except that 
the regulator need not use full “boost” positions. The 
light-load voltages fall within the limits mentioned. 
Therefore, it may be concluded that for the conditions 
assumed a + one-volt relay band width decreases the 


one volt depending upon the assumptions made with 
_ regard to the substation-bus voltage. 


; voltage-regulating-relay band width and the shaded por- 


_ volts at y). This 12-volt service-voltage spread corre- 
- sponds to the preferred utilization-voltage spread (with 


three volts drop in interior wiring) of Edison Electric. 


Institute publication No. 78, “Utilization Voltage Stand- 
_ ardization Recommendations,” 
profile shown as Figure 6 in the EEI report. 
_ Figure 1c also shows the voltage distribution along a 
distribution circuit. when, in addition to the + one-volt 
relay band width the voltage-control relay has an addi- 
tional error of +2.5 volts, making a total error of 3.5 
_ volts or say, + three per cent. 


“ 


~ reduced by 3.5 volts to 110.5. volts, and the maximum 


~ customer voltage, which occurs again at the first customer 


_ of the first transformer while the remainder of the system 


is fully loaded, is x3, and equals 127.5 volts. 
maximum voltage is based ypon the assumption that the 


borhood of E but not below it. If the full-load voltage of 
_ the substation bus equals E, the maximum customer’s 
“service voltage i is x. Thus, the minimum voltage is 110.5 
and the maximum voltage lies between 125 and 127.5 volts. 
With the control relay and compensator adjusted for the 
settings indicated in Figure 1b, the full-load condition sets 


a 


4 . a? ts . 
_» both the maximum and minimum voltages at the service 


| is fixed at 125 volts at both light and full load. This: | 


entrances. The light-load values fall within these limits. 
There exists, therefore, some tolerance for which light- 
load values can be set. In Figure 2b an alternate adjust- 
ment is indicated for which the voltage at the feed point 


_ adjustment is accomplished by setting the relay for 125 
volts and the compensator for a drop corresponding to 
that of the feeder impedance to the feed point. With this 
setting the maximum voltage at the service entrance at 
light loads equals x. The advantage of this setting over 
that of Figure 1b is that it permits a greater variation in 
the substation-bus voltage at the expense, however, of 
greater variation of the voltage of individual customers. 
With the setting of Figure 2b the variation of voltage 
between light load and full load would be more notice- 
able to certain customers. The effect of errors in the 
control devices would be substantially the same. 

Generalizing upon the effect of control errors, it may 
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be seen hat a cele error may reduce 


If, however, the recommended | service-voltage spr 


: which the bus ane may sone Bee in the ae 


tion of Figure 1c shows a representative condition with a — 
_. service voltage spread of 12 volts (125 volts at x, to 113 ~ 


' represents some present-day regulators on the basi: 


and with the voltage all the errors may occur simultaneously and be in the sa 


Under this condition, — 
_ the minimum voltage at the customer’s service J is 
alate range is aaah ie 


Again this 


formance of the regulating equipment is based o 


VOLTS (ON 120 VOLT BASE) 
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woltage at customer” $ service entrance on n\ : 
and 
n volts. oka upon ay manner in ache ub- 
station bus voltage varies. The total variation of 


voltage may thus be increased between zero and 2n vo 


indicated by the shaded area of Figure 1c is not to 
exceeded, the voltage at the first customer must not 
greater than 125 volts and the voltage at the last custome 
entrance must not be less than 113 volts. To maint 
these voltages, the design voltage spread of ten volts, | Ss. 
indicated in Sai 1b, must be seo Sau five be al 


- 
7 
taibation circuit Gevoad the “feed point” four he Ma 
to provide adequate voltage to aJl customers. This | 
require doubling the distribution facilities beyond t 


point. The error increases the maximum range — 


pacity of the Satin 


IMPORTANCE OF ERRORS 


The error of +3.5 volts used in preparing Figur 
‘constitutes an assumed cumulative error of =3.5 volts 


direction. The errors vary slowly with temperature, | loa 
and frequency. Their coincidence and frequency of oct 
rence'is a function of the law of probability. 
It is ih that with an ee ieee st 


fore be only about 70 per cent effective. : 
that all the errors are cumulative, occur at the same 
are of the same magnitude at light load as at full I 
and that the errors operate to limit the buck as well 
boost operation of the regulator. If the guaranteed { 


cumulative occurrences of these errors, the, user 
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condition 
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guarantee. 

To maintain the same limits of customer voltage with 
an error in the control device as without error requires 
liberalizing of the distribution system either through over- 
installation of transformers or through reduction of the 
impedance of the primary mains and laterals. Some idea 
of the probable cost of additional system strengthening 
which may be required can be obtained from an analysis 
of the investment in transformer-secondary combinations 
on residential circuits designed for different voltage-drop 


limits. The increased cost of these transformer-secondary 
combinations designed for one volt less drop is in the order — 


of two dollars or more per kilovolt-ampere of diversified 
circuit demand for 4,160-volt circuits, and in the order of 
three dollars or more per kilovolt-arapere for 7,200-volt 
circuits. The value of adequate regulation may be even 
better appreciated if it is realized that ordinarily there are 
about ten volts to “spend” in the design of distribution 
circuits and each volt lost due to inadequate regulator 
performance represents one volt out of ten (rather than 
one volt out of 120 volts) in the measurement of increased 
investment required. It may be possible to design and 
build regulators having better performance characteristics 
‘without too great an increase in cost. If so, an over-all 
improvement in the economics of distribution may reason- 
ably be effected by investing more money in regulators of 
improved performance characteristics, thereby affording 
a greater saving in the distribution circuit itself. 


_ The accuracy requirement for voltage-regulator control — 


depends upon the length of the circuit as well as upon the 
Tange of satisfactory voltage to the user. If the regulator 
1s located at or close to the load less accurate control is 
“required for the same range of utilization voltage than if 
the loads are distributed over the length of a long line 
having considerable voltage drop. 


ACCURACY OF REGULATOR PERFORMANCE _ 

_ The various factors involved when considering the 
over-all accuracy of feeder-voltage regulators should be 
divided into two general classifications. 
errors incident to the design and manufacture for which 
limiting values may be established and compliance there- 
with verified by a factory test; second, other factors which 
_may be affected by the application or by adjustment, or 
which may not be subject to verification by a factory test. 


ee aie’ ah : 
ip. FACTORS INCIDENT TO THE DESIGN AND 
_ MANUFACTURE | 


These include the following: 


“{. Ratio errors in the potential transformer or potential supply winding. 
-' These should include (a) the ratio error with no load in the regu- 


lator, and (b) the effect of the load current and regulator position. 


on the ratio error. The only burden on the potential transformer 

or ‘potential supply is the voltage-regulating relay. Regardless of 

the magnitude of the load on the regulator this burden introduces 
an error that is essentially constant and can be compensated by the 
balance adjustment of the voltage-regulating relay. An indicating 
_ instrument connected across the voltage-regulating relay may not be 
a true measure of the voltage across the primary of the regulator. 


2. Errors in the voltage-regulating relay and the associated control circutts. 
malt is understood that some present designs have been influenced by 
a desire to keep the control equipment losses to an absolute mini- 
f mum. Perhaps this consideration has been unduly emphasized. 
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iehoice but to base distAB GH SRC URE dission upon this — 


temperature from —30 to +40 degrees centigrade. The 


_ will vary with the temperature design of the housing, it is" 
_ better to specify that the relay must meet its performance _ 


~ enclosure. 


These’ are: first, 


- difficult. 


3. Ratio errors in current transformers used to energize line-drop compen- 
sators. Limiting values of these errors should be based upon loading _ 
the current transformer with an impedance that ranges from zero to 

such a value that will introduce into the supply for the regulating 
relay a voltage equal, at rated regulator current and expressed as a 
percentage of that supplied by the potential winding at rated voltage, 

to the maximum boost percentage of the regulator. The current 
through the secondary of the current transformer should vary from 
a value corresponding to 0 to 100 per cent of the rated value of the 
series winding of the regulator. It is customary, however, tosupply __ 
a 24-volt (20 per cent) compensator. The value of 24 volts was 
fixed upon so that the same control-system could be used on either a 
+10-per-cent or + 20-per-cent regulator. Actually in the extreme 
application the compensator should be good for the entire range __ 
(20 per cent on a + 10-per-cent regulator) but the more usual ; 
operating point is closer to the maximum-raise range. The use of 
a 24-volt compensator provides for the extreme case fora + 10-per- 
cent regulator and the more usual case for a + 20-per-cent regulator. — 


It has been suggested that the limiting regulator error : 
based upon the foregoing factors should not be exceeded 
over a frequency range of 0.5 per cent (+0.3 cycleona 
60-cycle system) and over 4 range of external ambient 4 

oa 


voltage-regulating relay and other equipment will usually 
be mounted inside some type of container or housing and 
will, therefore, operate at a temperature in excess of the 
ice eters ambient temperature of 40 degrees centigrade. — <. 
Since the temperature inside the container, or housing, 


™ 


specification in an ambient temperature of 40 degrees 
centigrade outside the regulator housing than on the basis — 4 
of specifying a fixed maximum temperature wat the b 
In considering the effects of temperature, the variations j 
of the temperature of the conductor, whose impedance © at 
determines the regulator setting should likewise be borne — $ 
in mind. Between light load on a very cold day and full” res 
load on a very hot day the resistance of the line might | a 
change as much as +20 per cent from a mean value. 
This may result in a variance of regulated voltages of as 1) 
much as +1.0 per cent when using a compensator whose 
resistor is constant over the entire temperature range. ; 
So-called temperature errors in the compensator usually 
reduce the magnitude of this variance. The amount of — 
compensator error is affected by whether. the regulator is 
located indoors or outdoors. Since present thought is. 
centered about errors of about 1.0 per cent, the variance _ 
due to conductor temperature may equal or exceed the — “a 
total error of the control system. Wine 


le 
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OTHER FACTORS ’ 
These include the following: 


1. Line-drop compensator taps. It has been difficult to design a 
tapped reactor, such as may be used for the reactance element of 
the compensator, to obtain a definite amount of reactance on all 
taps without some error. Errors of this style are constant and can 
be compensated to some extent by the operator when the com- 
pensator is adjusted. Since the load distribution on a distribution 
circuit is continually changing, checking the performance of the 
reactance element of the line-drop compensator with field voltmeter 
readings at any single location is extremely cumbersome and 
The regulator performance is best measured by deter- 
mining the voltage conditions at the point of first and last customer 


* 
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’ for the maximum and minimum load conditions. Graphic volt- 
meter charts are not always sufficiently accurate to check regulator 
control settings. 


Ze Relay band width. It is recognized that there is a minimum 
practical band width which can be obtained within economic 
limitation of design. However, the operator may adjust the relay 
to obtain any value of band width from the designed minimum 
value up to the designed maximum value, 


3. Change in calibration of the voltage-regulating relay over a specified 
” period of time or the so-called “drift.’ | Change in calibration may 
be caused by mechanical wear due to dust, moisture, friction, and 
_an undue amount of rough handling of the movable parts of the 
relay. This is a factor which cannot be checked or demonstrated 
by any reasonable factory test. Limiting specifications should not 


be incurred where it is impossible to demonstrate that a device can — 


_ or cannot meet the specifications. Furthermore, since the “drift” 
of a voltage-regulating relay is affected by the wear and tear on the 
device in actual use, any specification covering this item is funda- 
mentally a specification covering the life of the device. Regardless 
of the guarantee given on a piece of apparatus by the individual 
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ROBIN BEACH; : 


"FELLOW AIEEE 


N the development of 
Athe cross-field theory for 
the single-phase induction 
motor, a particularly favor- 
able opportunity is provided 
to present a clear interpre- 
tation of how the stator and 
rotor fluxes and currents 
mutually interact to de- 
velop torque and maintain 

rotation. The mathematical 
relationships are presented 
in various textbooks and 
papers on the subject, but 
for the first study of the sub- 
ject the mathematical trea- 
.tise should be given second- 

ary importance to that of 
conveying a clear under- 
standing of the physical reactions of the electric g5ul mag- 
netic quantities within the motor. | 

In addition, a clear and logical treatment of the physical 
behavior of this motor affords a unique opportunity, 
coming as this subject does near the end of the course in 
a-c machines, to provide a comprehensive review of almost 
all the basic relationships applying to electrical machines. 
Such a critical retrospection of these principles serves 
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' will have a> feawonable life and that the design of the individ 


accuracy consistent with cost can be incorporated. 


Textbooks and other treatises that purport to _ 
explain the physical concepts of the operation — 
of the single-phase induction motor by the 
cross-field theory do so mostly by employing 
simultaneously developed space-phase and — 
vector diagrams. Unfortunately this method 
has not been found adequate nor of proper 
approach to provide an understanding of the 
physical reactions. within the motor. 
author has evolved a technique for presenting 
the basic concept of how the motor develops 
its torque and power by which he constructs, 

concurrently with the development of the 
space-phase diagram, the rotor voltage, cur- 
rent, and flux curves of the correlative time- - 

phase diagram. 


’ paper and the eebicet is treated aoe elsewhere, 


‘Stator winding is so arranged that, when it is energi, 


, ie 
manufacturers, there is an n implied snapaittes that the, appat re 


component parts of the piece of apparatus will be such that 
have a Heaaaire Bonisistoe with the other aor of the gaye 


CONCLUSION 


Tt is hoped ‘that the foregoing discussion will cle 
thought with regard to the nature and the effect of e 
in the control system of feeder regulators. The transfort 
subcommittee at present is continuing the task of prepar 
a standard for the specification of accuracy tolerance a 
for the establishment of accuracy classifications. Provisio 
will be made so that as improvements materialize the 


It is suggested that distribution and transmission eng - 
neers, equipment application engineers, and others i 
ested in system design and layout consider this matter 
applied to their own systems. Comments relating to this 
subject should be directed to sts chairman of the trans 
former subcommittee. 
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_ admirably to re-empha 
and to reorganize into 
applicable form, the impo 

tant fundamentals w 
are basic to both those s 
and rotating types of mz 

- chines previously studied. 

The types of systems 
ployed to provide sta: 
torque for single-phase 1 
duction motors and wh 
modify the physical s 
tures of the stator oe me 


The 


atte as ie me ‘of 
subject is irrelevant to 


BASIC PHYSICAL CONCEPTS. 


Tae shown by the cross-sectional view in Bete ile 


from the supply line, the magnetic field which it. produces 
alternates cyclically along the vertical Y axis. Let us 
assume that the turns of the winding are so disposed 
the slots of the stator core as to produce a sinusoidal space 
distribution of flux circumferentially around the air Bal , 
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under the polar areas, and that with respect to time the 
flux also varies sinusoidally. Of the total magnetic field, 
a small part of it only—the leakage flux—encircles locally 
the stator inductors without crossing the air gap into the 
domain of the rotor. This leakage flux is considered to 
give rise to the leakage reactance voltage in the primary 
Winding. The remainder of the magnetic field—the 
mutual flux ¢y—interlinks the rotor, as well as the stator, 
inductors. 

In Figure 1, the motor is shown to contain the cus- 

tomary squirrel-cage rotor bars. 
side of the vertical plane which contains the rotor axis, 
the trace of which is 2—Y, could be considered paired at 
‘any instant with those on the other side of the vertical 
plane. This concept is shown in the simple conventional 
diagram of Figure 2. 
_ The periodic variation of the mutual flux ¢a of the 
main field induces a transformer voltage both in the stator 
winding and in the rotor winding. In the stator winding, 
the vector difference of this transformer voltage and the 
impressed line voltage is the leakage impedance voltage, 
_and it is proportional to the primary current. 
tion between no load and full load causes a small change 
in the’ magnitude of the mutual flux dy. But for the 
‘purpose of this qualitative presentation, the main field 
flux ¢u may be considered constant. 


TRANSFORMER VOLTAGE INDUCED IN ROTOR BY 
a MAIN FIELD 


In the rotor winding, the transformer voltage, which. is 


induced there by the alternations of the main field ¢m, is 


only one of several component voltages which are to be 
individually considered during the development of the 
cross-field theory. The amplitude of this induced voltage 
is determined by the magnitude of the mutual flux of the 
main field, by the frequency at which the flux alternates, 
-and by the equivalent number of turns in the rotor wind- 


The energized stator windings . 


Figure At 
_ cause leakage fluxes about the stator con- 
‘ductors, mutual flux in the rotor, and in- 
_ duced voltages and currents in the rotor 


inductors. No torque is developed at 
a standstill 
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These inductors on one 


Its varia- 


\ : 


ing. In time phase, the voltage is in lagging quadrature 
with the flux ¢y. This voltage causes currents in the 
closed rotor circuits, as shown by the paired inductors of 
Figure 2, for each of which the magnetic axis is perpen- 
dicular to the plane containing the paired inductors, and, 
in ‘consequence, it is coincident in each case with the 
magnetic axis of the stator winding, the Y axis. And 


further, the induction of this transformer voltage is not 


influenced or modified by whether the rotor is sa 
or in rotation. 

When the rotor is in rotatien: the successive ‘ade 
as can be reasoned from the geometry of the squirrel-cage — 
winding and shown in Figure 2, momentarily form new 
pairs as they pass through the vertical plane, the trace of 
which is the Y axis. On the basis of this hypothesis of 


_ how the rotor inductors, when in rotation, may be con- 


- entation. 


SOUTH STATOR POLE 
ly 
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sidered to form themselves continually into pairs dis- 


tributed about the. Y axis, the resulting magnetic axis for 


these pairs is maintained coincident at all times with the 
magnetic Y axis of the primary winding. 

The transformer voltage induced in the rotor may be- 
designated by appropriate subscripts to indicate that it 
results from transformer action, 7; from the main field 
mutual flux, ¢u; and that it causes, through the current 
it produces in these paired rotor turns, a resultant magneto- 
motive force along the Y axis—the magnetic axis of the 
stator field. This voltage, Ermay, then may be identified 
fully from the appended subscripts. 

The magnetic effect along the Y axis Decdieee from 
these paired rotor inductors carrying the rotor current Jy, 
which results from Frwy, is counterbalanced in the stator 
winding by an equal number of ampere-turns, and so if 
the equivalent number of turns in the rotor and in the 
stator are equal, then the rotor current has its exact 
counterpart in the primary. For the sake of simplicity let — 
us assume unit transformation ratio throughout this pres- 
These voltage, current, and magnetic effects 
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Figure 3. A hypothetical equivalent coil 

replaces in effect the paired rotor induc- 

tors centered about the coaxial magnetic — 
Y axis 

This concept is utilized to aid the visualization of 

the magnetic effects of the rotor windings and of 

the directions of induced voltages, currents, and 


fluxes ; 


Figure 2. The assumed pairing of squirrel-cage rotor bars about the Y axis helps to 
visualize the magnetic reaction of the rotor with the stator by transformer effect 


The voltage induction 1 in the rotor bars is shown in the direction indicated by the dots and crosses for an 


increasing stator field 
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in the motor, even when rotating, are precisely identical 


to those which occur in a transformer when its secondary _ 
- winding is short-circuited. In order for the current in the 


_ rotor inductors to modify the stator current, as under a 
change in load, for instance, it must have its magnetic 
reaction along the Y axis, as Figure 2 shows it has, and 
thus magnetically interlink the stator winding. The 
_ greater the rotor current is, the greater the stator current 
- must be in order to counterbalance it magnetically. 
The direction of the induced voltage Ermy and the 
direction of the dependent magnetic effect of its current 
_ through the resulting magnetomotive force are more 
simply represented by considering all of the paired induc- 
tors in Figure 2 to be replaced, for the particular instant 
being considered, by a coil of an equivalent number of 
turns and located in the horizontal plane through the 
rotor axis, so as to retain the same magnetic Y axis, as 
_ shown in Figure | 3. This hypothetical equivalent coil of 
wiericure 3 is properly labeled to show the identity of the 
voltage induced in it, and by means of the conventional 
_ dot or cross for the respective head or tail of an arrow, the 
direction of the induced voltage for a particular instant 
is indicated on the figure. The dots and crosses showing 
the instantaneous directions of all voltages in figures 
t throughout this paper are placed outside of, but closely 
adjacent to, their respective inductors and shen labeled 
with their identifying voltages. 


i E~ Im the development of the following Shea er one 


ois - particular instant of time is assumed, although it will be .. 
_ observed later that the same terminal rpesiiles obtain by the 


use of any other chosen instant. The instant of time to 
be considered is shown’ by the vertical line on the time- 
i phase diagram, Figure 4, which is marked instant 1 at 
the bottom of the graph. At this instant the curve repre- 


e it senting the stator main field, which is labeled ¢x (1), is 


\ 
i! 
t 

s 


i. 


,* 


_ the upper stator pole in Figure 3 is of north polarity. 
The polar areas on the stator, as so produced by the im- 
“pressed main field, are also shown in Figure 3, for clarity. 
and emphasis, by the heavy circular arcs. The voltage 
_ Eruy is shown on the time-phase diagram, Figure 4, as 
curve (2), having been drawn in quadrature lagging phase 
with respect to the stator field ¢a which induces it. 
_ Numbers in parentheses indicate the order of derivation, 
and coincidentally assist in reference. ‘ 

With the polarity of the stator field assumed, as in 
_ Figure 3, and with $x increasing, as shown at instant 1 
of Fi igure 4, the direction of the induced rotor voltage 
Evmy is then determined by the application of Lenz’s law. 
__ Its direction is such that its resulting magnetic effect along 
the Y axis opposes the increase of the stator field du, and 
this direction is so indicated on the space-phase diagram, 
Figure 3, where the voltage is properly labeled with the 
dot and cross, as shown. 


ins 
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Thus, by the gradual development of the inieephabel 


. diagram, curve by curve, correlatively with that of the 


space-phase diagram, the interpretation of the theory os j 


the motor is revealed step by step. 
‘SPEED VOLTAGE GENERATED IN ROTOR BY MAIN 
"| (FIELD: © 


When the rotor inductors rotate through the main field 
$m, speed voltages are generated in one direction in all of 


those inductors which are, at the instant, above the hori- 


zontal plane, and voltages in the opposite direction are 
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increasing in magnitude, and the assumption is made that — 
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FLUX — EMF—CURRENT 


(| TIME INSTANT - 


Figure 4. The time-phase diagram showing the rotor volt 
and current which result from the transformer and speed a 
; by the main stator field 


srodueed’s in the inductors occupying positions below 
horizontal plane. These inductors, in which voltages ai ‘ 
_ generated by their speed action through the main fiel a 
may also be regarded as paired, except that, in so doin 
one above and a corresponding one below the X axi 
considered to lie in a vertical plane, each pair v 
magnetic axis individually coincident with the X a 
shown in Figure 5. : 
This speed voltage Esmx is identified by ap endi 
subscripts S to imply speed action in its g Y 
indicate generation in the main field, an 
along which the coils exert their mag 
The voltage Esux is generated by, and is in | 
with, a main field as beet and on the t 


wn 


is josd in fy than the ae a alta 
curve (2) by the proportion that the speed 
chase) The transformer Sera oe oO 


nous Ateee iby chai: it, the Speed wedlnagelt E 
then be equal to the induced voltage Ermy. 
The currents in the paired inductors, which re sult fron 

the sngce My a their magnetomotive or 


+ 


4 


i 
Figure 5. The di- 


rection is shown Gf VA 
for the speed ‘volt- oman 
age Es,,x as gener- . anh 
ated in the paired ATTN ah eae, 
inductors of the \Iy } nig 
1 
' 


_ squirrel-cage 
- winding under the 
given conditions of 
polarity and direc- 

_ tion of rotation 


©; 
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TIME INSTANT 


Bric 6. The time-phase diagram showlny the rotor voltages 


and currents which result from the transformer and speed action _ 


. by the quadrature field 


Bad, hence, their resultant field, ¢9, along the X axis, and 
accordingly this field lies in exact space quadrature at all 
times with the main field ¢u. By reason of this quadra- 
sure field, the name. “‘cross-field’? theory is derived. 
Because ee paired inductors possess the traits of an 
iron-core reactor, with no other winding upon which 


eir resultant flux can react and thereby lower their | 
Betpedance, this exciting current Ix of the rotor, that — 


eh 


results from the speed voltage, lags Eswx in time phase 
by nearly 90 electrical degrees. In magnitude this ex- 
citing current Jx, which causes the quadrature field ¢¢ 
and which for linear magnetization is about proportional 

to the rotor speed, is slightly less than the exciting current 
for the stator field—a quantity which is assumed in this 
presentation to be independent of speed and hence, to be 
constant. This stator exciting current is not included on 
Figure 4, but. the rotor exciting, or quadrature field, 
current de is shown as curye (4), and it is drawn to ie 


Esux which causes it by a large phase AES as may be © 


< observed from the time-phase diagram. 
In the interests of simplicity, the eimai field ¢q is 
considered here as being proportional to and in time- 


phase with the rotor exciting current Jx rather than being 


current, a current which lags Jx by a small angle and 
which lags Esux by 90 electrical degrees. 
ture field ¢@ is so drawn in phase with the exciting current 
Tx—the latter having been redrawn for orientation—in 
Figure 6 wherein the field flux is shown as curve (5). 
Also at a particular instant, the quadrature flux ¢9 may 
be regarded as being caused by the magnetomotive force 
of the field current Jx in an equivalent. hypothetical coil 
which replaces in effect the magnetomotive forces of all 
the paired inductors on the rotor, as shown in Figure 5, 
and which have their magnetic axes coincident with the 
x axis. This equivalent hypothetical coil is shown in 
Figure 7, and for the instant 1 when the upper main 

pole is of north polarity, and for a counterclockwise 
rection of rotation, the direction of the pencrated speed 
Behiace Esux in this coil is also shown. 
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1 phase with the magnetizing component of the exciting 7 by the dot'and cross associated with the voltage Erox. 


The quadra- — 


POLARITY OF THE QUADRATURE FIELD 


Before being able to proceed with the development of — 
the theory, the polarity of the quadrature field at instant 1 
must be determined. Since the direction at a particular 
instant of the exciting current Zx in the rotor windings — 
determines the direction of the quadrature field, this 
essential information is obtained by reference to the time- 
phase diagram of Figure 4, Because of the large phase" 3 
angle of the rotor cross-field current Jx behind the speed 
voltage Eswx which causes it, its polarity at instant 1 ig. Ue 
seen from Figure 4 to be eactal directed to Esux. 
Thus, in Figure 7, the exciting current Ix is shown inward - Win 
for the’ inductors, at’ the top of the equivalent coil and’ 
outward at the bottom—the dots and crosses, reprecn nes a 
current, being placed within the inductors. ‘4 

A current in this direction in the rotor bars causes its 98 
field—the quadrature field ¢g—to form a north nol aie 
surface in the stator at the right and a south polar surface __ 
at the left. The polar areas formed at the surface of the a . 
stator core both for the main and quadrature fields are Be 
indicated by the heavy circular arcs in Figure 7. The ‘<4 
quadrature poles thus formed by the magnetomotive force’ 
of the exciting current Jx within the rotor bars are repre- p 
sented by the heavy dashed lines as a means of differen- a 
tiating them from the main poles which are produced by — 
the magnetomotive force of the stator winding. Since a 
the quadrature field comes into being as the result of the — i 
speed voltage Esux and its dependent current Jx, it is not 
present when the rotor is at standstill—and hence the 
dashed-line construction to represent its polas areas. 


TRANSFORMER VOLTAGE INDUCED IN ROTOR BY 
QUADRATURE FIELD 


An inspection of Figure 6 shows the curve of the eee 
rature field ¢@ (5) to be decreasing toward zero at instant 
1, and, ‘because of this, transformer voltages are being — a. 
induced in the same group of rotor inductors in which — 
speed voltages from the main field ¢u are being generated, 


he 


_ that is, in those inductors coaxially paired about the 


X axis, as shown in Figure 5, By the application of | 
. Lenz’s law again, the induction is found to bein sucha 
direction as to tend to sustain the decreasing quadrature n “Sh 
field, and thus these induced voltages are seen to be P 
oppositely directed to those generated by speed action ie 
from the main field. The voltages are inward for the fa ay 
inductors above the X axis and outward below. " 

The polarity of the voltage induction is shown in Figure — a 
"i 
Here the. subscripts have the following designation: — 
T signifying transformer action in the coils by virtue of 
the variation of the cross field ¢9, and X indicating the __ 
X axis along which is directed the resultant magnetic ; 
action of the rotor coils that are coaxially disposed about 
the X axis. Only currents are shown in their momentary 


. directions by appropriate dots and crosses placed within 


the conductors, while all voltages have their directions : 
indicated by dots and crosses placed outside of, but near, 
the conductors, and properly labeled with their associated lf 
voltages. 

The transformer voltage E'rex which is induced by the 
quadrature field gq lags the flux by 90 electrical degrees. 
The magnitude of Erex is almost equal to that of the 
speed voltage Esux, being less, only by the vector differ- 
ence of the rotor leakage impedance voltage which results 
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_ voltage Ermuy from the main field gx. 
the speed voltage Esoy is found to be outward in the 


from the small rotor current Jx. 


curve (6), in eee quadrature with the flux $9, and in 
magnitude a little less than that of Eswx. Because these 


_ two voltage curves are not quite in phase opposition, the 
value of Evex at instant 1 is slightly greater than the | 
value of Esux, a fact which accounts for the rotor exciting — 
current Jx being momentarily in the direction opposite to | 


Esmx, as previously described and as shown in Figure 7. 


‘SPEED VOLTAGE GENERATED IN ROTOR BY 
‘ QUADRATURE FIELD | 


With the polarity of the quadrature poles corresponding 


to the conditions of instant 1, as shown in Figure 8, and 


_ for counterclockwise direction of rotation, speed voltages 
“are generated in those inductors which are under the 
_ influence of the quadrature poles and which inductors are © 


considered as being paired’ coaxially about the Y axis. 
These are the same paired inductors which are shown in 
Figure 2 as having induced in them the transformer 
The direction of 


inductors to the right of the Y axis under the north pole 
and inward for those at the left under the south pole— 
directions which are observed to be opposite to these for 
the transformer voltage Evy. 

In placing the curve for the speed voltage Eis on the 
time-phase diagram, Figure 6, it is to be drawn either in 
time phase with the quadrature field ¢e from which it is 
generated or in time-phase opposition to it, in which 


latter case the speed voltage would appear as a counter- 


voltage in the rotor. The information for determining in 
which of these two positions with respect to the quadra- 
ture field the speed voltage Esgy is to be drawn appears 


from the fact already established, namely that the direc- | 
_ tion of the speed voltage Esey is opposite to that of the 
Reference to the time-phase 
diagram, Figure 4, shows the direction of the trans- 
_ former voltage Eymy (2) at instant 1 to be the same as © 
the quadrature field ¢@ (5), Figure 6, that is, both are 


transformer voltage Erary. 


negatively directed. So, therefore, the speed voltage 


Eger, being of opposite direction to Ermy, as shown by 


Figure 8, is drawn in time-phase opposition to the quad- 
rature aid eq which causes it. Before the speed voltage 


Esey can be drawn as a curve on Papune 6, its maximum 


value must be determined. 


_ Since the transformer voltage Ermy and the speed. 
voltage Esqy appear as oppositely directed voltage com- 


ponents in the same group of rotor inductors, Figure 8, 
their vector difference is then the unbalanced leakage 
impedance voltage drop which causes the load current 


_ ZIy in those inductors coaxially grouped about the Y axis. 
The transformer voltage Ey7uy, being induced by the 


assumed constant main field ¢y, is independent of speed, 
and, hence, it is the largest voltage component in the rotor. 
The speed voltage Es gy is the smallest. 


This speed voltage Es or is smallest because it is depend- 


ent upon the magnitude of the quadrature field, which is 


less than that of the main field by the approximate value 


of the rotor speed compared with that of the synchronous 
speed, and also it is dependent upon the speed of cutting 
the quadrature field which is likewise less than the syn- 
chronous speed. In other words, the speed voltage Es gy 
is about proportional to the square of the rotor speed. 
To illustrate this numerically, assume the rotor speed is 
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On the time-phase dia- 
gram, Figure 6, this transformer voltage Krox is drawn as — 


- magnitude and phase in Figure 6 as curve (8). 


. “wee ae & “ae ante ot 
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nee Eas is ree 81 per cent oF Ke elne 
transformer voltage E muy, OF about 19 per Cont, less in. 
value. Pi 

Thus, in Figure 6; the curve of the speed vollaeet ap- 
pears as Es gy (7), drawn in time-phase opposition to the 


- quadrature field ¢@ (5) and to a magnitude less, by the. 


_ approximate ratio of rotor speed to synchronous speed, 
than Erex and considerably less than Eruy—less by the: 
square of the above ratio of speeds. Because of the phase. 
difference between the speed voltage Esqy and the trans- 
former voltage Ermy, the transformer voltage Exuy at 
instant 1 is seen from Figure 4 to be of large magnitud ef 


_and of opposite direction compared to that of the speed 
voltage Esey, Figure 6. I 


The difference in voltage be- 
tween them is the leakage impedance voltage at this 
instant and. it is obviously large. As the leakage in 
pedance of the rotor winding is the same along any ae 
of the rotor because of its electric and magnetic aie 
metry, this large leakage impedance voltage results from 


_ a large load current Jy in the rotor, as the ‘impedance 


itself is coe smalis es . ons 
THE LOAD CURRENT Jy OF THE ROTOR 

The load current Jy in those equivalent rotor inductors, 
as shown in the hypothetical coil of Figure 8, is caused by 

_the transformer voltage Ermy, and the arated of the e 
“current is so controlled by the countervoltage Egey as. 


- accommodate itself to variations in the load. As the load 


_on the motor increases, the speed decreases and with it 
the speed voltage Esqy decreases. Thus with decreasin, ng 
speed the vector voltage difference between the constant 
voltage Ermy and the variable speed voltage Es ov ag 
creases, and in. proportion to it, the load current Jy in 
creases and simultaneously i improves its power factor with 7 
respect to Eryy. ‘This load current Jy is shown in saul 
It lags 
Ermy by a small angle ice Bears load and by a large 
angle for light load. 

In the final analysis, the correct magnitude and ao 
of Iy, as well as of some of the other quantities, can be 
determined only by the simultaneous solution of three , 
. basic equations which contain and interrelate the stator 
input current 4, the rotor exciting current Jx, and the 
rotor power current Jy. This information expressing, the 
exact quantitative values is not necessary to this qualita- 
tive explanation of the physical operation of the motor. 
Further details oy be pee: in references 1 and 2S . 
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DEVELOPMENT OF MOTOR AND GENERATOR _ “a | 


' TORQUES : rr 


The complete space-phase diagram for instant i an 
for the assumed direction of rotation consists of the super: ‘ 
position of Figure 7 and Figure 8. This composite dia. 
gram is represented by Figure 9 except that, in the inter-_ 
ests of clarity, all voltages and their directions are omitted, 
as they were only incidental to determining the dire: ft 
of the currents Jx and Jy and of the quadrature field bo- a | 
all at instant 1. The dots and crosses within the con 
ductors indicate here, as in all previous diagrams, ‘the : 
directions of the currents, | i 

An inspection of Fi igure 9 divulges the essential infor 
mation that (1) the quadrature field current Ix exists i in : 
those inductors which lie under the main pelts an do 
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Figure 7. A hypothetical coil equivalent 
to the squirrel-cage winding in magnetic 
effect along the X axis, showing at instant 
lof the time-phase diagram the directions 
of the speed voltage E,,,,, the excit- 
ing current J,, the quadrature field ¢o, 
and the transformer voltage E7oy 
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Figure 8. A hypothetical coil equivalent 

to the squirrel-cage winding in magnetic 

effect along the Y axis, showing the direc- 

tions of the transformer voltage E,,y, the 

speed voltage Esoy, and the load current 

I,, all at instant 1 of the time-phase dia- 
gram 


, NORTH POLE 
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Figure 9. The ¥composite sisateaabae 
diagram showing the directions of the 
rotor currents, fluxes, and resulting 
torques in the equivalent rotor coils{for 
instant 1 of the singe diagram 


(2) the load current Jy is in those inductors which lie 
under the quadrature poles. This is true at all times, and 
hence these current-carrying inductors for currents Ix 
and Jy develop torque with their respective main and 
quadrature fields. 
nitudes of the torque for both assumed groupings of in- 
ductors, at instant 1, are shown by the arrows labeled Tm. 
If the developed torque is exerted in the direction of the 
rotation, it is motor torque, otherwise it is generator 
torque. Its magnitude depends upon both the strength 
of the field and the value of the current at a given instant, 
and hence upon their product, as ¢uXJx and ¢@X/r. 


THE AVERAGE MOTOR TORQUE 


Since both of these current-flux reactions are seen from 
Figure 9 to develop motor torque at instant 1, they may 
both be plotted on a time-phase diagram either upward 
or downward, as desired. In order to provide ultimately 
a time-phase diagram of the torque curves, free from the 
distracting complication of unessential curves, each flux 
curve with its torque-producing current curve have been 
reproduced from Figure 4 and Figure 6 onto Figure 10. 
The motor torque was arbitrarily assumed in the upward 
direction—above the time axis. At instant 1 the mag- 
nitudes of both the quadrature field ¢@ and the load cur- 
rent Jy are seen to be of considerable proportions with 
respect to their maxima, and thus the motor torque which 
is proportional to their product ¢9XJy is of considerable 
magnitude. 
toward the origin at instant a, the magnitude of the 
quadrature field $e increases more than two-fold, while 
that of the load current Jy changes very little, and hence 
the motor torque ¢¢XJy, instant by instant, increases to 
its maximum value, as shown to be attained at about 
instant a2. From this maximum, for successive instants of 
time to instant b, the value of torque—¢ Jy (9) decreases 
to zero, at which instant the quadrature field ¢o is zero. 

As the quadrature field ¢@ reverses its polarity, the 
conductors under these reversed poles, which are still 
carrying the load current Jy (8) in the same direction as 
before, now develop reversed torque, that is, generator 
torque: This is drawn as such i in the reversed a sks 
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The directions and the relative mag- 


For other instants of time from instant 1 . 
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. . } . ; . . \ : 
and it is so shown on Figure 10, from instant 6 to instante. - 


At instant ¢ the load current Jy becomes zero and, in 
consequence, the generator torque ¢9X/y reduces to zero. 
Between the time interval ¢ to ¢ the current Jy is in a 
direction reversed to that existing from instant a to in- 
stant c, thus reversing the direction of the torque ¢9X/Jy, 
and hence changing it from generator, back again, to 
motor torque. At instant e, the field dg reverses and, 
hence, the torque is reversed so that generator torque is 
developed thereafter from instant e to instant f. At in- 
stant f the current Jy reverses, and thus the torque is | 
again reversed, motor torque being developed from in- 
stant f to instant g—thus completing the cycle. 

The torque ¢@X/Jy is seen to be predominantly motor — 
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Figure 10. The time-phase diagram showing the development 

of motor and generator torques resulting from the quadrature 

field and power currents in the rotor reacting with the stator 
and quadrature fields, respectively 
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torque throughout a cycle of flux and current variation, 
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as shown by curve (9). ‘The average value of motor torque 
is found by obtaining the difference of the positive and ~ 


negative areas, say in square-inch units, as taken between 
curve (9) and the time axis, and dividing this net area 


inches. 
_ from the time axis locates the position of the motor-torque. 


by the length of the base line from a to g, expressed in 
This result in inches plotted vertically upward 


axis, and when translated into torque units, as were em-_ 


_ ployed in plotting the torque curve, the distance of this 


new and displaced axis above the time axis represents 
the average motor torque. The value of the average 


motor torque is proportional to the product ¢eXIyX 


cos 0,y°°. For this instantaneous or average motor torque | 
to attain amaximum fora given magnitude of ¢eand Jy, © 
two conditions of phase relationship are necessary. These 
are: (1) that quadrature space phase exist between the 
axis of the flux and the axis of the magnetomotive force 
of the current; and (2) that the time phase between the 
flux and the current be zero. The first requirement for 
optimum torque is completely satisfied at every instant in 
the single-phase induction motor, and the second is de- 
pendent upon the value of the cosine of the angle between 
the flux and current—which is a function of the load on 
the motor. 
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A much simpler construction for the motor-torque 
is to draw it as an axis of symmetry midway between tk 
maxima of the torque curve ¢¢XJy (9). With respect 
to this axis, the torque is seen to possess a double-frequency 
variation, developing principally motor torque whe by 


electrical power from the supply is transformed into 


mechanical power through the driving torque for the 


_ motor, but for short intervals of time, as between b and ¢ 


and e and /f, the rotor, in creating generator torque 
yields electrical power to the electrical supply system. 


THE AVERAGE GENERATOR TORQUE |. 4 
Under the main poles the current-carrying conductors 
in which the quadrature field current Jx exists, as shown 
in the space-phase diagram, Figure 9, develop torque 
with the main field ¢%. As explained earlier, this torque 
at instant 1 was found to be motor torque. It is so plotted 
on Figure 10 for instant 1; and, the instantaneous prod- 
ucts of the main field ¢ and the quadrature field current 
Ix throughout a cycle give curve (10) which is labeled 
“Torque—ou XIx (10).” The torque ¢uXIx becomes 


- zero at the origin, instant a, when ¢y is zero, and it likes 


wise becomes zero to the right of instant 1 at b when Iz 
is zero, as is apparent from an inspection of Figure 10 
Between instants a and b this torque is proportional te 
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it is of relatively small magnitude when compared to the 
“main torque ¢¢X/Jy for two reasons: (1) the quadrature 
field current Zx is small in comparison to Jy, and (2) it 
lags ou by such a large time-phase angle that little average 
torque is developed. 

The torque resulting from the reaction of ¢x and Ix 
changes from — torque to generator torque at instant 
b, and it is generator torque between } and d, on Figure 
10, because of the fact that the current Jx reverses its 
direction, at b. The generator torque is represented in 
the downward direction, by adopted convention, between 
bandd. The area between this torque curve, du XJx (10), 
and the datum time axis from 6 to d is obviously consider- 

ably greater than that under the same torque curve be- 
tween a and 6. At d the main field ¢y is seen to reverse 
polarity, the direction of the current Zx remaining un- 
changed, and thus the torque ¢yXJx reverses from its 
previous generator torque back to motor torque again. 
And later at e, the current Jx changes direction, and 
thus the torque changes again and becomes generator 
torque, remaining so between the time intervals ¢ and g. 

By following this torque curve ¢uXJx (10) throughout 
ia cycle from a to g, it is seen to possess (1) a double- 
_ frequency variation, (2) an average value of generator 

_ torque, as the areas between the torque curve and the 
time axis are greater for generator action—b to d and 
¢ to g—than for those representing motor action—a to 6 
and d to ¢, and (3) sine-wave symmetry about a displaced 

_ axis—the generator-torque axis—which is drawn midway 
between the maxima of the curve and whose displacement 

_ below the time axis is the measure of the average generator 
_ torque. 

The composite and Lan het time-phase diagram 
showing the many correlated curves of fluxes, voltages, 

and currents for the rotor, as already presented by family 

_ groups in Figures 4, 6, and 10, is included here for reference 

_ as Figure 11. The four subordinate voltage curves are 

_ shown as light-weight lines, whereas the curves for ¢@ (5) 

and Ty (8) and their product, the torque curve $9 X/Jy (9), 

“are drawn as heavy solid lines, and the curves for’ du (1) 

_and Ix (4) and their product, the torque curve ou XIx (10) 
are constructed as heavy dashed lines. 

_ The instantaneous torques ¢9XJy and ¢uXJx may be 
independently determined at any other instants of time, 

as, for example, those shown as instants 2; 3, 4, 5, or 6 

on Figure 11. The values of torque so determined ob- 
viously must be identical to those which have already 

‘been determined, that is, curves (9) and (10). The 

_ curves of flux, voltage, and current, in magnitude and in 

phase, when constructed for any other instant of time, 

_ will be found to be identical to those of Figure 11 regard- 

_ less of the instant of time ee peyed for their determination. 
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. x THE ROTOR CORE LOSS 


Pee ne Paeninidé of the average generator torque is 


Pe reraitied by the product of the in-phase component of | 


the quadrature field exciting current Jx with the main 
field ¢m with which it reacts. If Jx should lag $u by 
90 electrical degrees, then the torque curve éuXIx (10) 
oe be disposed about the time axis so as to have equal 
“areas representing motor and generator torque, and the 
average torque would be zero. Also, if the exciting 
current Ix were in lagging quadrature with ¢u and hence 
with Esyux which produces it, it would develop zero 


" 
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the instantaneous value of the product of ou and Ix, and . 


-on the stator windings. 
' current into the stator winding, and together with a small ; 


tion atc it would run at exactly synchronous speed. 


_ attaching to their symbols either a prime (’) or a sub- 


y 


average generator power with respect to Eswx, aS an 
inspection of Figure 11 substantiates. In this hypothetical — 
case, there could be no iron losses in the rotor core re- — 
sulting from the quadrature field. 
Actually the current Zx is not quite in lagging quadra- 
ture. phase with its speed voltage Esux, and thus it de- 
velops an average generator power just sufficient to supply 
the rotor core loss that results from the quadrature field. 
The average generator torque, as shown on Figure 11, 
at rotor speed, develops just the proper value of thechatas Bx 
cal power to cause the rotor core loss to be supplied elec- 
trically. Since the quadrature field ¢@ is assumed to 
vary linearly with its field current x, then the rotor core — 


loss, which is caused by it, decreases as a function of the _ 


_ increasing load on the motor, that is, an increasing load 


causes the speed to decrease, and with it Esux, Tx, $a, 4 
and the rotor core loss all decrease. a 

Since the quadrature field $a, as shown by Pieune vag 
has no net induction with the primary or any other wind- ~ 
ing, the question arises as to how the power necessary 105) 
supply this rotor core loss, resulting from the quadrature _ 
flux, is caused to flow into the motor. Because of the fact 
that this rotor core loss is supplied by the power generated — 
within the rotor and developed by the average generator : 
torque at the rotor speed, a small mechanical load is im- 
posed upon the rotor as a result of it, and, hence, the ~ 
motor runs at a slightly lower speed than it would if this Ng 
loss did not exist. This reduction in speed causes the 4 


‘load current Jy of the rotor to increase slightly and it is 


this current which reacts through its magnetomotive force e 
It causes an increment of input 


improvement in its phase, it is just sufficient in magnitude 


‘to supply electrically the power for the rotor core loss. 


For this reason, the speed of the single-phase motor ; at ‘ 
no load and under a hypothetical condition of zero — 
friction and windage losses would be slightly below the 
synchronous value and by an amount just necessary to” 
cause the rotor core loss to be supplied through the re-— 4 
flected load component of the power current Jy in the — 
stator winding. Under these same assumptions of no 
load and zero mechanical losses for the polyphase induc-, ina 
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i. 
i 
THE VECTOR DIAGRAM AND ITS ANALYSIS oy 


Finally, the vector diagram is presented as a visual aid i ee cs 
showing the magnitudes and the phase relationships of 
the electric and magnetic quantities within the motor. — 
The approximate vector diagram for the single-phase * 
induction motor is shown in Figure 12. All quantities 
which occur in the stator winding are so designated by 


script (,), otherwise the quantities are those occurring in 
the rotor. The symbols, together with their identifying — 
subscripts, have already been explained, with the two ~ 
exceptions of Ex and Ey. The vector difference of the — 
two voltage components Esux and Erex in those rotor 
inductors which are considered paired about the X axis, — 
as their magnetic axis, is the leakage impedance voltage 
Ex. Likewise for those inductors paired about the Y axis, 
the vector difference of the two voltage components Eruy pf 
and Esey is the leakage impedance voltage Ey. 
In this vector diagram as in the time-phase diagram of 


Figure 6, the quadrature field ¢q has been drawn in phase 


with the exciting current Jx rather than in phase with its 
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magnetizing component which lags Jx by a small angle. 
By this simplification, unnecessary confusion of both dia- 
grams is avoided; and, for the purpose of qualitative 
analysis, the variation with speed of the factors which 
determine the development of the motor and generator 
torques and power becomes more readily apparent. 

As already explained, the components of leakage im- 
pedance of the rotor along the X axis are equal, respec- 
tively, to those along the Y axis, and hence the magnitude 
_of either one of these impedance voltages depends upon 
the magnitude of the current causing it. The quadrature 
field exciting current Jx is slightly less than the exciting 
current J’y for the stator field ¢y, and their ratio is equal 
to the ratio of ¢g to ¢u. The-current Jy lags the voltage 

_ Ex by the characteristic angle of the leakage impedance— 
an angle equal to that by which the load current Jy lags 
its impedance voltage Ey. Still assuming a linear mag- 
netization curve, the load current Jy varies proportion- 
ately with 7x as Ey varies with Ex. 


Since the stator field ¢ is considered constant, the _ 


quantities Esyx, Ix, ¢e, Erox, and Ex all vary in pro- 
portion to the speed. Hence as the speed of the rotor 
falls off with increasing load, both Eswx and Erex de- 
crease proportionately with the speed, and so then does 
the quadrature field current Jy and its field 9. It should 
be observed that E'rox is less than Esux at all speeds, in- 
cluding synchronous speed,. by the amount of the vector 
difference of the leakage impedance voltage Ex. The 
average generator torque, ¢uXJxXcos 67y*%m, decreases 
with the speed, and hence its developed mechanical 


power, which is the product of the torque and speed, 
decreases about as the square of the speed. This de-. 


veloped power is electrically the product of the in-phase 


component of the current Jx with its speed voltage Esux, 


a quantity which is also seen to vary about as the square 
of the speed. ; ‘ 
The voltage as which corresponds to the induced 
voltage FE, in the secondary winding of a transformer, is 
independent of speed, but the countervoltage Esay 
varies about as the square of the speed. For decreasing 
values of rotor speed, the load current Jy increases at a 
rate almost inversely proportional to the square of the 
speed—a relationship which is apparent from an inspec- 
tion of the vector diagram, because the vector difference 
of Ermy and Esey is roughly approximate, numerically, 
to their arithmetic difference. The average motor torque, 
peXlrX cos O7,%e, increases for decreasing rotor speed for 
two reasons: (1) the load current Jy increases more 
rapidly than the field ¢q@ decreases with speed, and (2) 
the angle between ¢9 and Jy decreases very appreciably 
with decreasing speed, thereby improving the power 
factor of the current. It is largely because of the latter effect 
that the developed motor power, which is the product of 
the average motor torque and speed, actually increases 
as the rotor speed decreases. This developed motor 
power may be expressed also as Esoy XIy Xcos O1y"sor, 
and so in this case the developed power increases for de- 
creasing speed, largely because of the increased power 
factor, despite the fact that Esgy decreases about as the 
square of the speed and Jy increases, roughly, ,as the 
_ square of the speed. 
This presentation has demonstrated the fact that, in 
the process of developing the cross-field theory of the 
single-phase induction motor, the concurrent construction 
of two fundamental diagrams is essential, namely, the 
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recapitulated here in simple form for final review. ae 


_2, Recognizing these minor variations in the main field, for the 


speed of the motor. The stator field comes into being at the starting 


rotor Ee 


The positive projection of the quadrature field current Iy on its ities aa 
Egyx shows developed generator power to supply the rotor core loss, and the 
negative projection of the power current ly on tts speed oaioee Boat shows 
developed motor power 
For simplicity of representation, the quadrature field $g is shown in phe eo 
with the panting current Ixy, rather than lagging it by the characteris c 
hysteretic angle 


space-phase diagram, Figure 9, including the transform. I 
and speed voltages, and step oy step with it, the time 
phase diagram, Figure 11. While the vector dara aq 
desirable visual aid to the final analysis of the magnitudes” 
of the average generator and average motor torques and 
developed power, yet in the interests of clarity of presenta ‘, 
tion, the vector diagram should not be employed as a 
substitute for the time-phase diagram in attemping to. 
explain the interactions of the fluxes. and currents within 
the rotor. AES ; 


SUMMARY 


In order to leave with the reader a critical appraisal of © 


the magnetic fields, the voltages, and the currents are — 


1. The main field of the motor is created by the ane eee 
force developed within the stator winding by the magnetizing com- 
ponent of the stator current. Except for the relatively smiall cha: 
in the magnitude of the main field which occur as the result of 

variations of the stator leakage impedance voltage with changi . 
loads, the main field may be considered as reasonably constant—at- 
least so for the purposes of this qualitative presentation. © sj Nee 


reasons as explained above, it may for all practical purposes” 
considered constant and, hence, independent of the variations in the . 


of the motor, but it, alone, develops no. starting torque in reactin 
with the closed windings of the rotor. Actually to develop starting 
torque, the motor requires the addition of some form of auxiliary: 

starting circuit and, in certain instances, associated mechanisnis. 


3. The main field causes three voltages to be developed, ae by’ 
transformer action and one by speed action. One of the transformer — 
voltages is induced in the stator winding. It is proportional to the - 
mutual value of the stator field and to the equivalent number of } 
turns in the stator winding; and, acting as a counter electromotive 
force to the applied voltage, this srenerorens® voltage coalee the 
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magnitude of the sip current to thee stator winding. _ The vector 
difference of the line voltage and this induced voltage is the stator 
leakage impedance voltage, as already mentioned. : 


4. The other voltages which are developed by the main field, 


another transformer voltage and the speed voltage, are established 


within the rotor windings. 


5. The transformer voltage in the rotor has been identified 
throughout the text as Eryy, and its magnitude is also proportional 
to the mutual value of the main field, as well as to the equivalent 
number of turns in the rotor winding. This is the largest of four 
voltages which are developed in the rotor windings, and its value is 
independent of speed to the same extent as is the main field which 
induces it. This voltage gives rise directly to the load current Iy 
in the rotor, and this is the only component of current in the rotor 
which can interlink with and react upon the energized windings of 
the stator. 


6. This voltage Epyy and its component current Jy are present in 
the rotor, when the stator winding is energized, whether the rotor is 
in rotation or not. At standstill, the load current causes no torque 
to be developed for the reason that its magnetic reaction with the 
main field lies in exact space phase with it, just as occurs in a trans- 
former whose secondary winding is short-circuited. 


7. As rotation occurs, a field is developed by the rotor winding 
which is in space quadrature and practically in time quadrature 
with the main field. This quadrature field causes the formation 
of poles on the stator whereby the rotor load current Jy, reacting 
with this field, ‘produces the driving torque of the motor. 


8. The speed voltage generated in the rotor winding from the 
main field, when rotation occurs, is identified throughout the text 
as Esyx. This voltage varies directly with the speed, being zero 


at standstill and a maximum at synchronous speed, and it is nearly 


equal in this latter case to the transformer voltage E7my. This 
speed voltage causes a magnetizing current Jx in the rotor winding 
which, in turn, brings into being the quadrature field. 

9. The quadrature field alternates at line frequency, as does also 
the main field, but, assuming the magnetic structure to be operated 
on the linear part of the saturation curve, the magnitude of the 
quadrature field depends directly upon the value of the rotor speed, 


being zero at standstill and about equal to the main field at syn- | 


chronous speed. By reason of its dependence upon the speed, this 
field could be called, and appropriately so, the “‘speed field.” 


10. _As in the case of the main field, so does the quadrature field 


develop two voltages in the rotor winding—both counter voltages, 
one being a transformer voltage and the other a speed voltage. The 
transformer voltage, which is identified throughout the text as 
Evrox, is induced in the same conductors as the speed voltage of the 
main field Esyx, and, in consequence, it controls the magnitude 
of the quadrature field current J x. The speed voltage, which is 
identified throughout the text as Esay, is generated in the same 
rotor conductors as the transformer voltage of the main field Ermy, 
and hence, it controls the magnitude of the load-current Ty of the 


rotor. 


11. The magnetizing current Jx is in those conductors which lie 
under the influence of the main field, and it develops torque with 
the main field which is found to be predominantly generator torque. 
This torque alternates at twice the line frequency and its graph is 
disposed symmetrically about a displaced torque axis which lies 
parallel to the time axis and which is drawn midway between its 
maxima and minima values. 
proportional to the average generator torque. The torque curve, 
therefore, consists of a constant component—the average generator 
torque—and a superposed symmetrical double-frequency com- 
ponent. ; 


12. The load produced by ‘this average generator torque causes 
the motor to run at a speed slightly lower than it would otherwise 
do if this torque were not present. Because of this idiosyncrasy of 
the single-phase induction motor, the generator action, through the 


increased value of the load current Jy, reflects itself into the stator - 


circuit, and by this reaction, a small increment of input power, 


¢ 
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Its displacement from the time axis is | 


i 


which is required to supply it, flows into the motor from the service 


mains. 


13. The average generator torque, acting at rotor speed, develops 
mechanically the necessary power to supply the core loss of the rotor, 
a loss which occurs within the magnetic core of the rotor because 
of the flux variations of the quadrature field. As just stated, this 
power loss is supplied electrically from the service mains to the 
motor by the reaction of the reflected counter magnetomotive force 
of the increased load current Jy. 


14. Since the average generator torque is a direct function of the 
speed and since the power necessary to supply the rotor core loss 
varies both with the generator torque and with the speed, the rotor 
core loss varies about as the square of the speed. Hence, the rotor 
core loss, resulting from the quadrature field, is a maximum at 
synchronous speed and as the speed reduces, it decreases rapidly—a 
condition which is just opposite to that for the rotor core loss of the 


~ polyphase motor. 


15. The load current Jy, being in those conductors under the: 
influence of the quadrature field, develops predominantly motor 
torque. This torque also alternates at double line frequency, and 
its graph is symmetrically disposed about a displaced torque axis 
which is drawn parallel to the time axis, and on the opposite side of 
the time axis from the average generator torque, so that it lies mid- 
way between the maxima and minima values of the motor-torque 
curve. Its displacement from the time axis is proportional to the 
average motor torque. This torque curve, like that for the generator 
torque, consists of a constant component and a double frequency 
component. — 


16. The value of the average motor torque depends upon the — 


magnitude of the quadrature field, the value of the load current 


Iy, and the cosine of the angle between them. The magnitude of 
the quadrature field varies about directly with the rotor speed. 
The load current, depending as it does upon the vector difference 
of the constant voltage Er7my and the speed voltage Esgy, which 
latter voltage is about proportional to the square of the speed, varies _ 
almost as the inverse square of the speed. The value of the cosine 
of the angle between the quadrature field and the load current — 
increases very considerably with decreasing speed. From these 
variations, it can be seen that the average motor torque, within the 
normal operating range of the motor, increases, roughly, at a linear 
rate with decreasing speed. 


17. The developed power of the motor, being proportional to the 
product of the load current Jy, the speed voltage Esgy, and the 
cosine of the angle between them, increases as the speed decreases, 
and this increase of developed power occurs largely through the 
improvement of the power factor of these two inter-reacting quan- 
tities. 

18. Actually the generator torque and the motor torque occur as — 
two components of a single combined net motor torque. During 
parts of the cycle this net torque acts as motor torque and at other 
parts of the cycle as generator torque. Such a widely variant 


behavior of the torque causes the speed of the motor to undergo 


slight cyclical variations. These speed variations are too small to 
have practical significance, although they are sufficient in magnitude 
to augment the otherwise noisy operation of the motor. 


19. The double-frequency pulsations of the net torque in the motor 

cause it to develop an inherent noise during operation. The noise 

occurs as the result of a double-frequency torsional vibration of 
electromagnetic origin which causes the stator to oscillate about the 

shaft of the motor as an axis. These torsional vibrations are trans- 

mitted in this manner to the base which supports the stator, and 

thereby, the noise is generated at the base of the motor. | 
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“1 OOD ENGINEERING 
should ‘produce eco- 
- nomically sound results, for 
engineering is but that group 
of special skills, knowledge, 
and experience whereby the 
7 forces of nature are made 
” useful to mankind. If engi- 
4 neering projects are not 
" economically sound they 
_ become a depressing rather 
than a stimulating influence 
on the general welfare. 
The 30-year period now 
ending has seen economic 
miracles performed for the common man in the United 
States. By and large, the common man works for a 
- living, otherwise he is uncommon. Based on the pay for 
an hour’s work, the industrial worker today gets four 
times as much as he did 30 years ago. Yet, in the same 
period, the price of what he buys has gone up only one 
half,-as measured by. wholesale Pals; and two thirds, 
as represented by the “‘cost of living.” So he is relatively 
31/, times better off with respect to wholesale prices 
and 31/3 3 times better off with respect to living costs than 
he was in 1914. This great gain has been made entirely 
independent of the gold value of the dollar or any other 
_ variables, since the comparable factors before and after 
have been measured by .the same yardstick at the same 
time. His gain is measured by the comparison between 


\ 


_what he got for his work and what he. paid for his wants. 


at the same period. _ 
If some industrial or engineering leader had in 1914 


predicted that the then coming 30 years would produce | 


for the common man the economic improvement that 
has in fact occurred, he would have been laughed at as 
' a crazy optimist or criticized as a dangerous boat-rocker. 


Since the human being himself was the same before as. 


after, the miraculous improvement in his economic status 
has necessarily resulted from the more effective use of his 
time. This more effective use has been made possible 
by improved machinery, mass production, and mass 
sales. While a large part of this result has come from 
improved manufacturing methods, a substantial part of 


‘ 


C. W. Kellogg is president of the Edison Electric Institute, New York, N. Y. 
_ “Standards of Living,” The Atlantic Monthly, March 1938. 
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: I11—Engineering: Handmaiden of Economic 


CG..W. K‘ELGLOGG 


MEMBER AIEE 


Third in a series, this article attributes past — 
economic progress to the ways that have been _ 
devised by engineering to increase produc- 

’ tion for'a given expenditure of effort. 
author predicts that history will repeat itself 
and that engineering will continue to improve 
economic well-being as new frontiers are 
opened. These frontiers are in the realm of 
the human mind, to which there is no end nor 
limit, sO long as men’s imagination and enter- 
prise remain unfettered to explore and ex- 

tend them. 


been able to show—the cause which brought out 


pioneering will bring a compensatory reward. 


- light, and other essential goods and services, and t 


the processes and the m: 
_ chines for carrying them o 
Other countries have h 
their millions hry c 


The 


ability a as our own, 3 
have made no such e 
progress for eo 
citizen as we have. 
magnitude of these di: 
ae ences was matiergee eee 


a trip to Europe Six years ago. * isieae ae 
eight European countries (designated only by n 
and obtained results like the following: The nur 
hours of work required to purchase a unit of 
items varied from 4.25 to 7.3 among the eight cot 
In the United States it was 1.7. To buy an aut 
took from 8.5 to 24 months’ work in the Europea 
tries, compared to 4.5 in our country. In the 
electricity, to purchase a kilo-watt-hour required : 
to 43 minutes’ work abroad, compared to 3.6 m 
home. Finally, the acquisition of an incandesc nt lar 
required from 1.2 to 3.4 hours of work from the E 
pean workman and only 0.2 hours here. These di 
ences bring out the truly primary cause of the ga: 


manufacturing and engineering triumphs of the last 
tion. I refer to the incentive to the exercise 
tive and courage which arises from freedom to 
developments and the belief that economically ef 


It is essential to keep these fundamentals in min 
planning for the period after the war, because, w 
longed-for time arises, we shall find basic things just a 
they always have been. People will still need their t 
meals a day, clothing and shelter, transportation 


want as much more as they can economically get. 
human nature and capacity unchanged, the only way 
which the common man can rise to higher econo: 
levels must be by his work being made more effec 
through the tools and methods which manErIaen ts and — 
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ee he 5 ae ; a PORE 
invention may devise. 
flourished in the past except when and where the con- 
fidence of reaping adequate reward for special effort 
and risk was assured by the surrounding institutions. It 
should be stressed in passing that even the advantages 
arising from improved management and invention cannot 
be made completely effective without a marketing system 
adequate to dispose of the goods produced. 


PURE SCIENCE AND APPLIED SCIENCE CONSTITUTE 
ENGINEERING 


‘It has been the fashion -for many years to attempt | to 
draw a contrast between puré science and applied science, 
frequently, in the business mind, to the derogation of the 
former. In reality, they are but two parts of the same 
process of harnessing the forces of nature to’ the improve- 
ment of human life, wherein pure science furnishes the 
raw materials of fact and applied science the finished 
product made from those raw materials. One is just as 
essential as the other; engineering comprises both. 

The history of electrical engineering is replete with the 
mutual dependence of these two factors. The great 
electric power industry of today rests squarely upon the 
raw-material fact, discovered by Faraday in 1831, that a 
closed conducting loop forced through a magnetic field 
produces an electric current in the circuit. Without this 
fact, the great present development could not exist; 


without the development, the fact would be but a labora- ~ 


tory stunt. It was discovered very early that an electric 
current passing through a conductor could heat it hot 
enough to emit light—a fact which became of transcendent 
importance when Edison, with a carbon filament operat- 


ing in a vacuum, produced a light source that would 


not quickly burn itself out. 

_ There is a close analogy in aeinepple between ite 
improvement in fuel economy of steam-driven prime mov- 
ers and the gain in efficiency of electric-light sources since 
the early days. In each case, the early models wasted 
most of the energy put into them. In the case of the 
prime mover, the utilizable heat range (from the simple 
noncondensing engine to the modern turbine) has been 
magnified ten-fold; in.the case of the light source (from 
the original carbon lamp to the modern fluorescent 


lamp) the usable light from a given energy input has - 


likewise been increased ten-fold: by eliminating the useless, 
because invisible, heat waves. Each step in this upward 
movement resulted from the application of the raw ma- 
terials of discovered fact to practical application. Inci- 
dentally, household electric rates in the carbon-filament 
days were six times what they are today, although hourly 
bibor costs are now four times as great. 

_ The extraordinary gains in the economy of light sources 
have been the result of numberless engineering studies 
of details that would seem to the layman of minor im- 
portance. Lowering the absorption losses in glass from 
— 30 per cent to 10 per cent is one of these; another 

is the discovery that whether the crystals lie along or across 
he fine tungsten-wire filament means the difference 


between a relatively shock-resistant lamp ene that’ 


breaks easily. 

’ Historically, the discovery of the electric arc con- 
siderably antedates the incandescent lamp. One of 
the earliest observations regarding this phenomenon was 
its very high temperature. This factual raw material 
is the basis for the modern electric furnaces, which in 


a x 
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Neither of these latter has ever 3 
alloys. 


_ improvement. 
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1943 turned out nearly 8,000,000 tons of steel and ferro- 
The great increase of electric steel capacity 
(six-fold in four years) has been due to the marked 
homogeneity of the product from electric furnaces and to 
the accuracy with which its composition can be con- 
trolled electrically, The consumption of electric energy 
in 1943, arising from this particular bit of factual raw 


| material (8.3 billion kilowatt-hours) was about the same 


as was consumed 15 years ago by all the 19,000,000 homes 
in the United States which were then using electricity. 


HISTORY CONTINUES TO REPEAT ITSELF 


Attempting to look into the future on the basis of — 


things just emerging, we see history repeating itself in 


the translation of laboratory knowledge into economic 
In some respects, electricity would seem 
to be the least economical source of heat for industrial 
processes. Yet it is precisely in the matter of heat that 
some of the most striking recent advances in industrial _ 
use have been developed. The really amazing economic 


results that have been achieved have arisen from the 


speed and concentrated application which leas 
alone has made possible. High-frequency electric heat 
acts so quickly that tin can be successfully flowed on a 
sheet moving 1,000 feet a minute, and with dielectric’ 
high-frequency heating the time of setting glue in lami- 
nated structures has been reduced from six hours to 15 — 
minutes. © ; te 
It may prove to be good engineering to heat the human ~ 
body for comfort rather than to expend fuel and capital 3 
in the heretofore common but inefficient means of air — 
heating indoors, The same thing applies to cooking. — 
We may justify projecting heat directly to the food rather 
than, as now, wastefully heating the whole kitchen. 
Bevhaps it may turn out that our current methods of r 
indoor heating are similar in economy to the process of — 


“burning down the barn to get a mess of roast pork.” pie 


4 


Fs 


Engineering applied to translating electric energy into __ 


radiant energy with a wave length of 2,537 angstroms 


oe 


may mean fewer disease germs, sterile wounds, and ~ 


lessened losses on foods from mold—all influences to 
lengthen human life. 
fields has led to the electric air filter. The economic 

value of dust-free air in saving maintenance cost and the © 


' 


is 


Engineering study of electric 


endless drudgery: of dusting and washing is at once apa - 


parent. 

In all the illustrations I have cited, the ingenuity and ; 
imagination of the engineer have used the raw material of 
previously observed phenomena to produce practical | 
results of definite economic worth. 


. 


STANDARDIZATION OFFERS ECONOMIES TO 
ELECTRIC UTILITIES 


The electric-utility business is characterized by an 
especially high investment per dollar of annual gross 
revenue—about seven times as much as the average 
manufacturing industry. From this it follows that one 
of the most important problems facing that industry is 
that of keeping down or reducing the unit cost of utility- 
plant investment. The cost of the larger items of electric 
generating and translating equipment is greatly affected 
by the high overhead cost of special designs. Experience 
during the war has demonstrated that drastic cuts in 
cost could be effected as a result of the need for larger 
quantities of pieces of apparatus of which relatively 


265 


ade 
ts 


} 
i 


ty 


eK 
few were needed in peacetime. In fact, it was the drastic 
effect of the repetitive process on costs, compared to those 


based on previous manufacturing experience, that first — 


called, from the manufacturers themselves, for renegotia- 
tion of war contracts. 
For the future, a eeaeepanaine result can be obtained 


by the maximum amount of standardization of the major. 


items of generating and transforming equipment. This 
has already been recommended by some of the larger 
manufacturers and is the subject of studies by committees 
of the engineering societies concerned. 
sequel to the recent war experience and to the nature of 
our past industrial development. The practical applica- 

, tion of standardization calls for a statesmanlike co-opera- 
tion between the designing engineers of the utilities and 
_ the production engineers of the manufacturers. The 
process is already under way; it should be progressivel y 
developed. 

In recent years, perhaps the most conspicuous examples 
of engineering economics are the electrical intercon- 
nection of plants and systems, ‘and topping turbines. 
The former effected economies in investment by making 
unnecessary many individual plant reserves formerly re- 
quired, and in operating cost by maximum utilization of 
the most efficient plants. The latter has not only 
improved economy by enlarging the usable heat range, 
but has also lengthened the life of already existing units 
by bringing them ae into the higher heat cascade. 
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Pennsylvania Trains Adopt Telephones | ; 
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_ realize that the eflective area of our expansion territory, 


. eg oR ot Pe yeh ers aes, re 

NEW FRONTIERS—IN THE HUMAN MIND — 
Returning, in closing, to the thesis from which v 
started, our past economic progress has been largely due 
to the ways engineering has devised to enable the rela- 
tively changeless human faculties to get more effecti 
_results from a given human effort. After the war, prog- 
ress must depend upon more development along those 
same lines. Much oratory and printers’ ink have been 
expended lamenting the loss of the “frontier” —t. 
physical frontier, whose extension, however, mean 4 
simply a wider area in which to exercise the same old — 
human abilities as existed before the extension. eb. e 
frontiers that have opened up in the last generatio 13 
(after the physical frontiers had been pushed aside) ha 
proved to offer much greater opportunities for impro ed 
economic well-being than the mere clearing of forests and — 
settlement of land which were involved in the extension 
and final crossing of the last physical frontier. — “ee 

These new frontiers are in me realm of sie human 


imacineton aaa ae remain dinfetherael to ex 
and extend them. In the field of electrical engineering — 


this frontier country is particularly broad, rich, and 


inviting. May we, as a nation, have the good sense to 


being of the mind and spirit, will depend predominantly 
upon the ability of mind and spirit to go forward ey its 
exploration with perfect freedom! ; ¥ 


2 
: a 


on 


A two-way Siecicante train telephone system séatene 
in cé-operation with the Union Switch and Signal Com- 
pany has been installed om the 67-mile Belvidere- 
Delaware branch of the Pennsylvania Railroad. T a 
projecting bar behind the wheel of the freight loco 7 
motive (left) is the system receiving coil, and the equip- 
ment box is above the driving wheels. The headligk es : 
generator supplies electric power. In the cab are the 
telephone handset and the loudspeaker which © repro: 
duces signals from the block ‘operatorsin wayside towers : 
and the crew and conductor i in the rear of the train. . 


a) 
: 
ou 


y 


Communication pine other trains in the system also'is 
; possible : es 
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INSTITUTE ACTIVITIES 


Pacific Coast Technical Meeting 
Will Reflect Aircraft Interest 


Arrangements are being made for an en- ~ 


larged technical program for the Pacific Coast 


technical meeting, which will be held in Los 


Angeles, Calif., August 29-September 1. 
Meeting headquarters will be in the Biltmore 
Hotel. 

Present indications point toward a pro- 
gram of approximately 20 technical sessions 
and conferences, at which some 50 technical 


papers will be presented during the four days 


of the meeting. Most of the sessions and 
papers will deal with electric equipment for 
military planes, because of the extent and 
importance of the aircraft industry on the 
Pacific Coast. Practically every phase of 
electrical applications to aircraft will be 
considered and there will be sessions on gen- 
erators, motors, instruments, protective de- 
vices, radio-insulation problems, ignition, 
lighting, and maintenance. However, the 


program will not be devoted entirely to air- 


. 


craft, as there will be a few papers in the 
‘central-stations field, which will discuss 
power generation, transmission, system sta- 
bility, relays, and circuit breakers. 

The personnel of the 1944 Pacific Coast 
technical meeting committee and chairmen 


_ of subcommittees is as follows: 


-T. M. Blakeslee, general chairman; E. S. Condon, sec- 
retary-treasurer; C. E. Baugh, M. M. Bridgwater, H. L. 


‘Caldwell, GC. R. Davis, Fred Garrison, J. M. Gaylord, . 


‘Thomas Ingledow, W. T. Johnson, A. O. Mangold, 


_H. E. Mellrud, T. A. Robinson, E: W. Schilling, H. V. 


_ Cozzens, arrangement; Fred Foulon, aircraft activities; . 


* 
. 


‘ 


P. L. Johnson, technical program; G. R. 


Strandberg; 
R. F. Gheen, hotel; Bradley 


Woodman, registration; 


E. W. Morris, electronics activities; F. W. Maxstadt, 
students activities; A. D. Brown, finance; J. H. Vivian, 
publicity; P. L. Savage, inspection trips; and R. A. 
‘Hopkins, educational. 


AIEE Board of Directors Meeting - 


a ‘The regular meeting of the board of 
directors of the American Institute of 


Electrical Engineers was held at Institute 
headquarters, New York, N. Y., May 25, 


1944. 


The board authorized the regular allow- 


ance for traveling expenses for a joint con- 
ference on student activities of Districts 8 


‘and 9 and the University of British Columbia 


Branch, during the 1944 Pacific Coast tech- 


nical meeting of the Institute in Los Angeles, 
(Calif. 

An appropriation of $9,430 was made for 
the presentation and publication of additional 


technical papers during the remainder of 


the present appropriation year, ending 
September 30, 1944. The additional funds 


were set aside at the recommendation of 
the technical program committee, which 


‘reported an increase in the number of 
papers over that estimated when the budget 


for the year was adopted, brought about 


principally by the lasge number of air trans- 
portation papers offered, as well as papers 
in the electrochemistry, electrometallurgy, 
welding, and industrial applications and 
control fields. All papers scheduled for 
regular sessions to date are considered by 
the respective technical committees to be 
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important, and their presentation con- 
sistent with the board’s wartime policy. 
The national treasurer reported on the 


financial condition of the Institute for the. 


fiscal year ending April 30, 1944, and the 
annual report of the board of directors, 
prepared under the direction of the national 
secretary, was approved for presentation at 
the annual meeting of the Institute, in St. 


Louis, June 26, 1944. ° 


In accordance with section 37 of the 
constitution, the appointment of a national 
secretary for the administrative year be- 
ginning August 1, 1944, was considered. 
National Secretary H. H. Henline was re- 
appointed. ; 

Upon recommendation of the committee 
on planning and’co-ordination, it was voted 
to hold the 1945 winter technical meeting 
of the Institute in New York, N. Y., January 
22-26. 

Upon recommendation of the vice-presi- 
dent of the Canada District (10), the Mon- 
‘treal Section, and the Sections committee, 
the maritime provinces of New Brunswick, 
Nova Scotia, and Prince Edward Island 
were added to the territory of the Montreal 
Section. 

Upon recommendation of the standards 
committee, a revision of Part II1I—Pro- 
tection of Structures Containing Flammable 
Liquids and Gases” of the Code for Pro- 
tection Against Lightning, was approved 
for submission to the American Standards 
Association as a revised American Standard. 
This was developed by sectional committee 
C5, Code for Protection Against Lightning, 
for which the AIEE and the National 
Bureau of Standards are joint sponsors. 
Participation with other organizations in 
the work of standardization of aeronautical 
electric equipment was authorized. Co- 
operation in a revision of the “Handbook of 
Interior Wiring Design” by the appointment 
of two’ representatives on the Industry 
Committee on Interior Wiring Design, was 
authorized. Appointment of Thomas 
Spooner as an additional AIEE  repre- 
sentative on sectional committee <32 


_ “Graphical Symbols and Abbreviations for 


Use on Drawings” was approved. 

The board approved the appointment by 
the president of the following committee 
of tellers to canvass and report on the ballots 
cast for the 1944 election of officers of the 
Institute: 

R. C. Darrow (chairman), J. E. Burroughs, Franklin J. 
Johnson, Howard W. Meehan, E. K. Murphy, George 
T. Royden, and Charles H, Wagner. ° 

The nomination of an AIEE representative 
for election by the board of trustees of the 
United Engineering Trustees, Inc., to The 
Engineering Foundation board for the four- 
year term beginning in October 1944, was 
referred to the president with power. 

L. R. Mapes was reappointed an Institute 
representative on the Washington Award 
Commission for the two-year term beginning 
June 1, 1944. ‘ 

Upon recommendation of the special 
committee on registration of engineers, the 
board voted not to approve the “Model Law 
for the Registration of Professional Engineers 


-and Land Surveyors and Providing for the 
‘ 


Institute Activities 


Certification of Engineers-in-Training,” 


dated June 1943 and submitted by the — 


American Society of Civil Engineers with a 


‘request for approval and endorsement. 


As a result of a suggestion looking toward 
a continuing record of historical happenings 
in the fields of Institute activity, that is, 
carrying on the history of the first fifty years 
of the Institute contained in the Golden 


‘Anniversary issue of Electrical Engineering 


(May 1934), it was voted to request the 
technical program committee to review the 


past: ten years and prepare a history of the 


high spots for publication in some future issue 
of Electrical Engineering. 


Approval was given to a program, sub-— 


mitted by the Engineers’ Council for Pro- 
fessional Development, for the accrediting, 
under the direction of the ECPD committee 
on engineering schools, of the curricula 
(non-degree) of technical institutes. 

In response to a suggestion of the American 
Welding Society, the president was author- 
ized to appoint a representative of the 
Institute on a proposed committee of repre- 
sentatives of various organizations to study 
the question of establishing agencies for the 
qualification of welding operators, for which 
there is a growing demand on the part of 
industry and public authorities. 

The board appropriated $200 for the 
purpose of acquiring and distributing to 
electrical engineering students pamphlet 
copies of ‘“The Second Mile—A Resurvey,” 
by William E. Wickenden, in a manner to 
be determined by the committee on Student 
Branches. 

Other matters were discussed, reference 
to which may be found in this or future 


, issues of Electrical Engineering. 


Other actions taken included the following: 


Minutes were approved of the meeting of the board of 
directors held January 27, 1944, and the meeting of the 
executive committee April 26, 1944. , 


Recommendations adopted by the board of examiners 
at its meeting on May 18, 1944, were approved. The 


following actions were taken upon recommendation of — 


the board of examiners: eight applicants were trans- 
ferred to the grade of Fellow; 38 applicants were 
transferred, and 69 were elected to the grade of Member; 
437 applicants were elected to the grade of Associate; 
one Member and one Associate were reinstated; and 
319 Students were enrolled, ' ‘ 


Disbursements were reported by the finance committee 
and approved by the board, as follows: February, 
$29,311.52; March, $25,216.34; April, $29,957.93; 
May, $30,739.02. : 


Those present were: 


President—Nevin E. Funk, Philadelphia, Pa. Past 
President—David C. Prince, Schenectady, N. Y. Vice- 
Presidents—W. J. Gilson, Toronto, Ont., Canada; C. 
R. Jones, New York, N. Y.;\ K. B. McEachron, Pitts- 
field, Mass.; C. W. Ricker, New Orleans, La. Di- 
rectors—T. F. Barton, New York, N. Y.; M.S. Coover, 
Ames, Iowa; K. L. Hansen, Milwaukee, Wis,; T. G. 


LeClair, Chicago, Ill.; S. H. Mortensen, Milwaukee, — 


Wis.; W. B. Morton, Philadelphia, Pa.; W. R. Smith, 
Newark, N. J.; R. G. Warner, New Haven, Conn. 
National Treasurer—W. 1. Slichter, New York, N. Y. 
National Secretary—H. H. Henline, New York, N. Y. 


Contents of June 1944 
Supplement Announced 


The nine remaining technical papers pre- 
sented at the 1944 AIEE winter technical 


meeting and not published in the monthly 
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Transactions sections of Electrical Engineering 
will appear in the June 1944 ‘Supplement to 


Electrical Engineering—Transactions Sec- 


tion” to be released shortly. The discussions 
of these papers and the discussions of the 
technical papers published in the January— 
June monthly sections also will be included 
in the supplement. This will complete the 
‘publication of papers and discussions pre- 
sented at the New York winter meeting. 
Copies of the supplement will be mailed 
shortly to those who entered advance orders. 
_\ Others may obtain copies at 50 cents each 
from the AIEE order department, 33 West 
39th Street, New York 18, N. Y., as long ‘as 
the limited supply lasts. 
The following papers which have been ab- 


, 


_ stracted in Electrical Engineering will be printed _ 


: in the supplement: ‘ 


(44.57 —Effect of Altitude on Electric Ricskdeen and 
Cs -Flashover of Aircraft Insulation; L. 7. Berberich (M 36), 
vn) G. \L. “Moses (A’43), A. M. Stiles (A’*43), C. G. Veinott 

(“ *34). Abstracted in the January 1944 issue, page 26. 


| 44-10—Transformer Magnetizing Inrush Currents 
: and. Influence on System Operation; L. F. Blume (F 
939), G. Camilli (F 43), S. B. Farnham (M42), H. A. 
: | Peterson (M 41). Abstracted in the December 1943 issue, 
‘page 546. lh a 
44-44—-The Geometry of Arc Interruption—II, Cur- 
rent-Zero Phenomena; E. W. Boehne (F43). 
 Stracted i in the January 1944 issue, page 30.. 


44-62 —Cost Study of 69- to 345-Kv Overhead Power- 
Transmission Systems; 7. G. Holm (M°29). Ab- 
ua stracted i in the January 1944 issue, page 30, 


44-40—The Capacitor—an Aid to Electric-Power 
ifr for Pipe Lines; M, A. Hyde (A’27), R. E. Mar- 
oy bury (M36). ees in the January 1944 issue, 
2 “page 28. 
: r 44-53—Current Rating of Cables as Affected by 
_ Mutual Heating in Air or Conduit; committee on re- 
P _search, Insulated Power Cable Engineers Association, Ab- 
-stracted i in the January 1944 issue, page 29. 


i , | 44-38 —Electric-Circuit™ Fault-Protective Principles as 
i ay Applied to D-C Aircraft Systems; R. H. Kaufman 
(MM 41). Abstracted in the January 1944 issue, page 27. 


44-17 —Lightning Protection for Rotating Machines; 
_ G.D. McCann (M44), E. Beck (M ’35), L. A. Finzi (A 40). 
+ Abstracted in the December 1943 issue, page 547. 
_ - 44-61—Electric Equipment for the War or aad bag 
_ Pipe-Line Projects; E. E. Thomas (M’29), W. G. 
_ Taylor, Oscar Wolfe. Abstracted in the January 1944! 
“ aes, page 28, : 


me 
2 
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, 
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i _ Officers for 1944-45 Announced 
at St. Louis Meeting 

is Institute officers for the year beginning 
August 1, 1944, were announced in the report 
_ made by the committee of tellers to the an- 
nual meeting of the AIEE held June 26, 


_ during the summer technical meeting in St. 
_ Louis, Mo. The new officers are: 


President: Charles A. Powel, manager, 
headquarters engineering departments, West- 


inghouse Electric and Manufacturing Com- 


_ pany, East Pittsburgh, Pa. , 


Vice-Presidents: R. T. Henry, assistant 
chief electrical engineer, Buffalo (N. Y.), 
Niagara and Eastern Power Corporation 
(District 1, North Eastern); J. F. Fairman, 
assistant vice-president, Consolidated Edison 
Company of New York (N. Y.) Inc. (District 
3, New York City); M.S. Coover, professor 
and head of the department of electrical 
engineering, University of Iowa, Ames 
(District 5, Great Lakes); R. W. Warner, 
professor and head of the department of 
electrical engineering, University of Texas, 
Austin (District 7, South West); C. B. Car- 
penter, assistant chief engineer, general engi- 
neering department, Pacific Telephone and 
Telegraph Company, Portland, Ore. (Dis- 
trict 9, North West). 
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General Electric Company, Schenectady, 
Ne Na3 M7 Je McHenry, director of sales 


tor of transmission development, Bell Tele- 
phone Laboratories, Inc., New York, N. Y. 


Ab- 


OA A ay oe en ee ee ee 


2 Ps Raa as Hee Lak 
it. te 

Directors: P. a: Alger, assistant in the 
ee nei in charge of engineering, 


promotion, Hydro-Electric Power Commis- 
sion, Toronto, Ont.; D. A. Quarles, direc- 


Treasurer: W.1. Slichter, professor emeri- 


tus of electrical engineering, Columbia Uni- 


versity, New York, N. Y. 


The board of directors for the administra- 
tive year beginning August 1, 1944, will con- 


- sist of the foregoing elected ‘officers and the 


following holdover officers: 


Nevin E. Funk, Philadelphia, Pa. (retiring Santee 
H. S. Osborne, New York, N. Y. (junior past president) ; 
L, A. Bingham, Bimlder, Colo.; J. M, Gaylord, Los 
Angeles, Calif.; W. J. Gilson, Toronto, Ont.; C. W. 
Ricker, New Dries, La.; W. E. Wickenden, Cleve- 
land, Ohio (hcespresientsys Seah! Li R. Gamble, Spokane, 
Wash.; K. L. Hansen, Milwaukee, Wis.; C. M. Laffoon, 
East Pittsburgh, Pas To °G LeClair, Chicago, Ill.; 
F. R, Maxwell, Jr., Pensacola, Fla.; C. W. Mier, Dallas, 
Tex.; S. H. Mortensen, Milwaukee, Wis.; W. B. 
Morton, Philadelphia, Pa.; W. R. Smith, Newark, 
N. J. (arceiey. ( 


{ 


A detailed report of the summer technical 


meeting at St. Louis, Mo., is scheduled for the 
August issue. 


National and District Prizes. 
Awarded at Summer Meeting 


Announcement of the 1943 recipients of 


' the national prizes for the best papers in 


four fields was made by F. A. Cowan, 
chairman of the AIEE committee on award 
of, Institute prizes and presentation of the 
prizes was made by AIEE President Nevin 
E, Funk on June 26 at the annual meeting 
of the Institute in St. Louis, Mo. As in 
1940, 1941, and 1942 no award was made 
for 1943 in the field of public relations and 
education because no eligible papers were 
presented. — 5 
The selections of the committee were: 

Best Paper in Engineering Practice: Prize awarded to L. 
R. Ludwig (M’41) and W. M. Leeds (M38) of the 
Westinghouse Electric and Manufacturing Company, 
East Pittsburgh, Pa., for their paper, ‘‘A Multiorifice 
Interrupter for High-Voltage Oil Circuit Breakers,” 
presented at the 1943 national technical meeting, 
January 25-29, and published in the 1943 Transactions, 
pages 119-25. Honorable mention was awarded to 


L. O. Grondahl (M ’42) and P. N. Bossart of the Union é 


Switch and Signal Company, Swissvale, Pa., for their 
paper, “Train Communication,” presented at the 
1943 North Eastern District meeting, April 8-9, and 


at the 1943 South West District meeting, April 26-30, 


and published in the 1943 Transactions, pages 493-500, 


ae Paper in Theory and Research: Prize awarded to 

B. R. Teare, Jr. (F’42). and Mrs. J. R. Webb (A *41) 
of the Carnegie Institute of Technology, Pittsburgh, 
Pa., for their paper, “Skin Effect in Bimetallic Con- 
ductors,” presented at the 1943 national technical 
meeting, January 25-29, and. published in the 1943 
Transactions, pages 297-302. Honorable mention was 
awarded to R. V. Shepherd (M’43) and C. E, Kil- 
bourne (M’°37) of the General Electric Company, 
Schenectady, N. Y., for their paper, ‘““The Quadrature 


' Synchronous Reactance of Salient-Pole Synchronous 


Machines,” presented at the 1943 national technical 
meeting, June 21-25, and published in the 1943 Trans- 
actions, pages 684-89. 


Initial Paper: Prize awarded to Fred Foulon (F ’42) of 
the Douglas Aircraft Company, El Segundo, Calif., 
for his paper, ‘‘Radio-Noise Elimination in All-Metal 
Aircraft,” presented at the 1943 national :technical 
meeting, September 2-4, and published in the 1943 
Transactions, pages 877-91. Honorable mention was 
awarded to H. H. Fahnoe (A ?35) of the Westinghouse 
Electric and Manufacturing Company, East Pittsburgh, 
Pa., for his paper, “A New High-Interrupting-Capacity 


Fuse for Voltages Through 138 Kv,” presented at the 


1943 national technical meeting, June 21-25, and 
published in the 1943 Transactions, pages 630-35, 


Institute Activities 


ne - 


Tiserict pice: for AIEE pape ha Ss 
announced by seven Districts. The av 


District i 


Prize for best paper was ‘Hranted' to S. } 
and S. B. Farnham (M42) for their 
Control System for Automatic Parall 
Load-Ratio-Control Transformers,” p 
North Eastern District technical TaSeHINE it 
Mass., April 8-9, 1943. 
District 2 
Prize for best paper was awarded to B. 
(F °42) and Josephine R. Webb (A 741) fe 
“Skin Effect in Bimetallic Conductors,” pre: 
meeting of the Pittsburgh Section, Febru oy 14, 1943, rc 
Prize for initial paper was awarded to 
(A’31) for his paper “Use of Dielec Abso' 
Tests in Drying Out Large Generators,” presente 
meeting of the Maryland Section, April 5, 1943. 


aie 3} 


ata meeting of the ¢ Michigan € Col eg 
Technology Branch, isp wily 1943. 
District 6 : 
_ Prize for best paper was award 
(M’38) for his paper “Ele 
vestigations at High Altitudes, 
of the Denver Section, October 15, 


Prize for Branch paper was awarded 1 
ror ae G. L. pet 


of Denver Me as april 21, 19 
for this prize was given to C. 
“Experiences With a D-C cul 
sented at a meeting of the Univers 
Branch, April 14,1943. 

District 7 ~ 


_ Prize fer Branch paper was awarded to 


mission in Hollow Guides,” presented 
the Rice Institute Branch, March 1, 1 


Disti-t 8 ji! 


Prize for best | paper was. awarded to Fred Fo: 
for his paper “Radio-Noise Elimination 
Aircraft,” presented at the National tech 
ing, Salt Lake City, Utah, September 2 


District 10 aoe os 
Prize for best paper was awarded 
(A’ 13) for his paper ‘Meteorol 
signers and Operators of E 
presented at a meeting of the Toro 
25, 1943. i Wasf 


Prize for initial paper was awarded to C 
(A ’33) for his paper “‘Causes and E! 
Electrical Machinery and Switching 
presented at a meeting of the Toronto ion 
vember 12, 1943. bit oe 


, as 

e,° e v. te “s 
Additions to List of — -) yee 
Members for Life Voghy 


Membership for life is granted byt the. A E 
to members who either have paid annual 
dues for 35 years, or have reached the age of 
70 and paid dues for 30 years. A list of 
who have become members for life du 
the preceding year is published annuall: 
Electrical Engineering. Institute members a 
have attained this status since publication « f 


roof 


the last listin the July 1943 issue are: 
L. F. Adams H.C. Bartholomew 
D. J. Angus F.G.Beettem 
R. W. Atkinson H. C. Blackwell "ek 
A. Ball O.B. Blackwell = 8 
S. Barfoed L. F, Blume te, ): 
CG. J. Barrow L. N. Boisen Ca 


AL Ae 
haidend Et. 9> i " 
‘ait tin hae 
ell AG, Marshall 
J. C. Marshall ‘i 
CG. L. Matthews — 
G. W. Mclver, Jr. 
Woe “McKeen 
F. W. Merrill 
MAE L. Merrill 
7 *T. Te Craig L. T. Merwin 
__E. J. Crawford J. W. Morrison 
We A. Darrah J. Morse 
. E. G. Davis S. H. Mortensen 
a. P. Dodge H. Mouradian 
_C. E. Drennen. J. A. Moyer 
on M. Dudley A. Mullhaupt, Jr. 
A, J. Duncan, Jr. E. J. Nathan 
. i. E. Dunham E. E. Nelson 
E. Dyche F. Oppenheimer 
E. J. Edwards D. P. Orcutt © 
HE. Eisenmenger O. W. Paddock 
‘L.S. Ford R. G. Parrott 
H. Freeman B. H. Peck 
.W. Gaskill H. B. Peirce — 
: c C. S. Peters 
E. W. Pragst 
C, L. Proctor. 
R.J. Randolph 
C.R. Reid 
S. Ring 
E. Haskell. E. B. Rollins 
J. Ww. Herman G. W. Saathoff 
G. Hewson « D. R. Shearer . 
H. Higbie a O. F. Shepard, Jr. 
ve Hallister W. M. Shepard 
J. W. Shuman 
ve T. Smith 
EHS yo E. S. Steinbach 
Hutton PL W. Sykes 
*G. Jackson W.S. Taussig 
IN. Johns \ H. Thomas 
A. Johnson A. I. Totten 
Be Ee . Johnson M. Unger ; : 
J. CG. Jones H. R. Van Deventer 
Kearns R. S. Wallace 
. Ke G. A. Waters 
ae Kelley G. G. Watson 
aN ‘Kelman: L. R. Waugh 
. A Kifer E. Weber 
<lemm | F. D. Weber 
. Knopp _ D.S. Wegg 
e Maistre A. G. Wood 
oo) ippelt E. M. Wood 
Z E. a Loew C. D. Woodward 
M.H. Logan E. B. Woodward 
i C. E. Young 
F. Zogbaum 
a 
‘5 : C Ls I O N eccce 
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: ‘Philadelphia Section Elects | 
Executive Officers for 1944—45 


i. The Philadelphia Section of the AIEE, 
Y meeting at the Engineers Club on May 8, 
1944, for the last session of the season, ap- 


_ proved a revision in the bylaws to permit the 
_ organization of Subsections. Also accom- 


_ plished during the business of the meeting was 


the: election of executive officers for the 
_ 1944-45 season. ' They are: 


SS Chaitnian, A, GC. Muir (M’39) electrical engineer, Ber- 
a: -wind-White Coal Mining Company. 


4 Vice-chairman, Cc. ‘T. Pearce (M 740) Middle Atlantic 


engineering and service manager, Westinghouse Electric 


and Manufacturing Company. 


Secvstary, M, L. Lehman (M °36) project engineer, 
_ Philadelphia Electric Company. © ‘ 


The prize-papers committee, under the 
_ chairmanship of L. E. Howard — (A’40), 
iq awarded cash prizes to C. S. Schifreen 


(M ’43), O. B. Vikoren (M43), and H. C. 


_ Warner, for the best papers entered in the 

Section prize-paper competition. Two of the 
winning papers were presented to the meeting. 

. Mr. Schifreen, discussing “Fatigue of Lead 
Sheath on Underground Cable,” reported 


that failure records of large mileages of cable _ 


Juty 1944 


ance at meetings throughout the year. 


P These members of the Philadelphia Section received special prizes for faithful “atbent 
Shown with their prizes, they are left to rig 
standing: J. D. Wood (M’27), A. E. Pringle (A 36), and H. S. Phelps (A »21); ec 

row: L. R. Baker (A 43), and Frank McDonald (A ’38); and foreground: N a 
ee 43), L. Haines (A 17), and A. C, Finney (A 07); i ee 


indicate that Bas are limited much more 
by the physical proportionments than by in- 
herent weaknesses in insulation or sheath. 
To support this claim he presented the results 
of .accelerated tests in a unique full-scale 
dummy manhole and duct run, which indi- 
cated the relationships of loading, conductor 
temperature changes, and movement in man- 
holes and ducts to sheath life. The paper sug- 
gested a method of computing life expect- 
ancy for different loadings as a function of 
manhole dimensions. 

“Transformer Arrangements for Large 
Motor Loads,” by H. C. Warner, considered 
the problems encountered in the design of a 
large pumping station, particularly with re- 
spect to the best voltage ratings of the motors 
and co-ordinated switching and starting 
equipment. 
ing such problems, and for obtaining a simple 
reliable system that will utilize standard 
equipment with high efficiency, low capital 
investments, and low maintenance costs. 
Both papers were accompanied by slides 


- illustrating the features outlined. + 


_ As a grand finale a large number of special 
prizes were distributed for faithful attendance 
at Section meetings throughout the season. 
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STANDARDS coo 


AIEE to Participate in 


_ Aeronautical Standardization 


Remarkable strides have been made in 
the development of electric equipment for 
aeronautical purposes. The Institute, with 
its broad background of knowledge and 
experience in the preparation of electrical 


Institute Activities 


‘ing, ey 23, 1944, it was decided that the 


It presented a method for solv-- 
‘and methods of demonstrating specified 


Standards, plans to participate to the 
extent possible in the preparation of 
nautical electric-equipment Standards. — 
date, much of the standardization w 
aeronautical heal ace he been c 


motive Engineers ama the National Ale: 
Standards Committee. 
At the AIEE Standards coonnnitede ieee 


This has been done, and these organi 
desire to take full advantage of the 
bilities. It is believed that the In 


fundamental electrical Standards inc 
performance characteristics of aerona: 
electric equipment and devices, test codes, 


performance, and methods of calculation. _ 


New Standard. American Standard C62.1 
“Lightning Arresters for A-C Power Cir- 
cuits,” which is a revision of the AIEE and 
American Standard 28, has been approved, 
It applies to all types of lightning | arresters | a 
designed for a-c circuits having an element — 
with nonlinear volt-ampere characteristic to 
limit the current. The Standard is 30 cents 
per copy with 50 per cent discount to AIEE b 
members on single copies. i 


Future AIEE Meetings ee 


Pacific Coast Technical Meeting i 
Los Angeles, Calif., Aug. 29-Sept. 1, 1944 


—— ee 
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PERSONAL eeee 
L. R. Ludwig (A ’28, M’41) manager of the 
motor division, Westinghouse Electric and 
Manufacturing Company, East Pittsburgh, 
' Pa., has been awarded the 1943 best paper 
prize in engineering practice as coauthor of 
the paper, “A Multiorifice Interrupter for 
High-Voltage Oil Circuit Breakers.” Mr. 
Ludwig was graduated from the University 
of Illinois in 1925 with the degree of bachelor 
of science in electrical engineering. Em- 
ployed by the Westinghouse company as a 
graduate student in 1925, he worked as 
assistant to the chief electrical engineer from 
1926 to 1928 and in the latter year was trans- 
ferred to the railway motor engineering 
department. He became section engineer in 
the research laboratory in 1930, manager of 
circuit-breaker and protective-devices engi- 
neering in 1935, and manager of the motor 
division in 1944. As the recipient of the 
first Benjamin Lamme scholarship he studied 
at the University of Berlin in 1929-30. He 


was coauthor of the paper receiving the 


‘ national best paper prize in the field of 
theory and research in 1934 and received 
honorable mention for his paper in that field 

~ in 1935. 


x 


W. M. Leeds (A ’32, M 738) electrical en- 
gineer, switchgear engineering department, 


Westinghouse Electric and Manufacturing 
Company, East Pittsburgh, Pa., has been 


' awarded the 1943 national best paper prize 
in engineering practice as coauthor of the 
- paper “A Multiorifice Interrupter for High- 
Voltage Oil Circuit Breakers.” He received 
the degree of bachelor of science from Haver- 
ford College in 1926 and that of master of 
~science from the University of Pittsburgh i in 
{ ey Mr. Leeds has been associated with 
_ the Westinghouse Company since 1927 first 
as engineer in the circuit breaker engineering 

division and since 1939 in the switchgear 
- engineering department. In 1937 he was 

awarded the Benjamin Lamme scholarship 

for graduate study and spent one year at 


_ Massachusetts Institute of Technology, Cam- — 


bridge. He is a member of Phi Beta Kappa 
and Sigma Xi. 


B. R. Teare, Jr. (A’29, F ’42) professor of | 


electrical engineering, Carnegie Institute of 
- Technology, Pittsburgh, Pa., has been 
awarded the 1943 national best paper prize 
in theory and research as coauthor of the 
paper, “Skin Effect in Bimetallic Conduc- 
tors.” This paper also was awarded the 
1943 best paper prize by District 2. He re- 
ceived from the University of Wisconsin the 
degrees of bachelor of science in 1927 and 
master of science in 1928 and from Yale 
University the degree of doctor of engineer- 
ing in 1937. He entered the employ of the 
General Electric Company, Schenectady, 
N. Y., in 1928 and until 1933 worked in the 
testing department, the research laboratory, 
and the general engineering department. 
Joining the faculty of Yale University, New 
Haven, Conn., as instructor in electrical engi- 
neering in 1933 he was named assistant pro- 
fessor in 1934. Since 1939 Doctor Teare has 
been associated with the Carnegie Institute 
of Technology as professor of electrical engi- 
neering. He is a member of the Society for 
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LR. Ludwig — 


the Promotion of Engineering Education and — 


of the Institute of Radio Engineers. 


5 


Josephine R. Webb (A?41) development 
engineer, power circuit breaker department, 


Westinghouse Electric and Manufacturing . 


Company, East Pittsburgh, Pa., has been 


awarded the 1943 national best paper prize — 


in theory and research as coauthor of the 
paper, “Skin Effect in Bimetallic Conduct- 
ors.” This paper also was awarded the 
District 2 prize for best paper for 1943. 
Mrs. Webb received the degree of bachelor 
of science in electrical engineering from 


Purdue University in 1940. In 1940 she was 


employed as technical assistant at Carnegie 


‘Institute of Technology, Pittsburgh, Pa., and 


in 1942 entered the employ of the Westing- 
house Company for which she worked first 
in the ignitron research laboratory. 

\ . 


Fred Foulon (A’30, M 42) electrical envi- 
neer, engineering department, El Segundo 
(Calif.) plant, Douglas Aircraft Company, 
has been awarded the 1943 national prize 
award for best initial paper for his paper, 
“Radio-Noise Elimination in All-Metal Air- 
craft.” This paper also was awarded the 
District 8 prize for best paper of 1943. Mr. 
Foulon received the degree of bachelor of 
science in engineering from the University 
of California in 1928 and the degree of 


“master of science in electrical engineering 


from the California Institute of Technology 


‘in 1932. After a short time in the test de- 


partment of the San Diego (Calif.) Consoli- - 
dated Gas and Electric Company, he joined 
the Electrical Research Products Company, 
Seattle, Wash., as supervising engineer in 
1929. He was engineer in the sound depart- 
ment of Warner Brothers Pictures, Holly- 
wood, Calif., from 1933 to 1937 and in the 
sound department of Universal Pictures, 
Hollywood, in 1937, He joined the Douglas 
Aircraft Company in 1938 as research ana- 
lyst. 


R. W. Cronshey (Enrolled Student) lieuten- 
ant in the United States Army Signal Corps, 
has been awarded the 1943 national prize 
award for Branch paper for his paper, “A 
Simple Graphical Method for Calculating 
Antenna Radiation Patterns.” This paper. 
also was awarded the District 5 prize for 
best Branch paper for 1943. Lieutenant 
Cronshey was born in Newark, N. J., May 
14, 1918. Before entering Michigan College 
of Mining and Technology in 1938, he 
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with the degree of aoe ath 8 


as lecture assistant at i oe fol 


- Synchronous Reactance of Sali 


bees 
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Coals tee ee 


electrical ieee 2 ate in 1943 he 


ie was cprnaissoneae a ann li 
the Signal Corps. For a time he 
tioned at Fort Monmouth, N. J., 

rently serving overseas. He isar 


engineering etnies a ( 


\ “Train Communication’. 


a science 2119085) na ee 
(1908) from Johns Hopkins 
1940 he was awarded the! honorary 
of doctor of science by the latter. Hi 


as Palins Md., 


eae in 1908, ands at ia 
ae oe in 1909. 


1914, aad ciscciae es in | y 191 
1920 he has been director of restate 


eae Nibeine of eaten asi S 
He holds numerous patents. 


R. V. Shepherd (A’36, M?43) 
engineer, motor and generator 
So alec pu Ecce 


mention in he ‘Sapional prize ¢ aw. a ; 
best paper in the field of theory and rese 
as coauthor of the paper, ‘“The Qua 


chronous Machines.” <A 1935 er: 
the University of Illinois Mr. Shepherd ir 
mediately entered the test department of 
General Electric Company and in 1937 
transferred to the motor and ee 
engineering department. 


pad 
g é ya 
BA i: 


~ 
~ 


Cc. E. Kilbourne “oon M ’37) designi: 
engineer, motor and generator engineeri: 
department, General Electric Company 
Schenectady, N. Y., has received heey 


ew 


ELECTRICAL eae 


R. W. Cronshey 


‘mention in the national prize award foe the 
best paper in the field of theory and-research 
as coauthor of the paper, “The Quadrature 
‘Synchronous Reactance of Salient-Pole Syn- 
chronous Machines.” Mr. Kilbourne re- 


ceived his bachelor of science degree from 


Virginia Military Institute in 1927 and his 
professional engineering degree from that 
institution in 1931. He entered the test de- 
Be acinent of the General Electric Company 
‘in 1927 and the a-c engineering department 
which later became the motor and generator 
“engineering department in 1929 


“H. H. Fahnoe (A’35) design engineer, 
_ Westinghouse Electric and Manufacturing 
Company, East Pittsburgh, Pa., has received 
honorable mention in the national prize 
_award for best initial paper for his paper, 
“A New High-Interrupting-Capacity Fuse 
for Voltages Through 138 Kv.” <A 1934 
graduate of Cornell University, Mr. Fahnoe 
joined the Westinghouse Company as a 
graduate student in 1935 and was named 
_ design engineer in 1936. 


_J. P. McKearin (A °11, F ’38) chief engineer, 
Western Massachusetts Companies, Spring- 
field, has retired. He commenced his 
career as station operator for the Vermont 
Marble Company in 1905 and became 
construction foreman for the General Elec- 
tric Company, Schenectady, N. Y., in 1906. 
He was transferred, as engineer, to the 


‘company’s district office in Boston, Mass., 


about 1910 and became assistant district 
engineer in 1913. 
United Electric Light Company, Spring- 
field, as electrical engineer and in 1927 was 
‘employed by the Western Massachusetts 
Companies. Since 1932 he had been chief 
engineer. J. W. Bennett (A°26, M ’29) 
assistant chief electrical engineer, succeeds 
Mr. McKearin. Mr. Bennett was com- 
mercial engineer for the Central Hudson 
Gas and Electric Company, Newburgh, 
N. Y., in 1924 and joined the Eastern New 
_ Jersey. Power Company, Asbury Park, as 
- distribution engineer in 1925. In 1930 he 
was made distribution engineer for the 
Western Massachusetts Companies and in 
1939 was appointed assistant chief electrical 
engineer. 


A. z Cook (A702, M13) director of the 
school of science and technology, Pratt 
Institute, Brooklyn, N. Y., has retired. 
Mr. Cook holds the degrees of bachelor 
of science (1901) and master of science 


i uLy 1944 


Josephine Webb 


In 1917 he joined the 


B. R. Teare, Jr. 


(1903) from Worcester Polytechnic In- 
stitute. He was associated first with Pratt 
Institute as instructor in charge of the elec- 
trical laboratory from 1903 to 1907. After 
serving as electric power engineer for 
Westinghouse, Church, Kerr and Company, 
New York, N. Y., from 1907 to 1913, he 
returned to Pratt Institute as head of the 
electrical department. In 1938 he became 
director of the school of science and tech- 
nology. He is the author of several text- 


_books and a member of the Society for the 


Promotion of Engineering Education. 


’ 


H. V. Erben (M °43) formerly manager of 
the central station divisions, General Elec- 
tric Company, Schenectady, N. Y., has 
been elected a commercial vice-president. 
A graduate of the Sheffield Scientific School, 
Yale University, Mr. Erben joined the 


General Electric Company in 1917. After 


service with the United States Army he 
entered ‘the testing department in 1920 
and in~1922 was transferred to the lighting 
engineering department. He was made 
section head of the apparatus division in 
1923, assistant to the manager of the divi- 
sion in 1928, and manager in 1929. He was 
appointed manager of switchgear sales in 
1933 and assistant manager of the central- 
station divisions in 1939. In 1941 he 
became manager. 


H. J. Gille (A’01, M’13) manager of 
industrial and agricultural development, 
Puget Sound Power and Light Company, 
Seattle, Wash., recently retired. Mr. Gille 
entered the electrical field in 1890 when he 
was employed by the Acme Electric Com- 
pany, St. Paul, Minn., and in 1898 became 
general superintendent of the Edison Elec- 


tric Light and Power Company, St. Paul. 


He joined the Minneapolis General Electric 
Company, St. Paul, in 1907 and the Puget 
Sound Company in 1913 as general sales 
manager. In 1932 he was made manager 
of industrial and agricultural development. 


. R. C. Faught (A ’19) sales engineer, General 


Electric Company, Baltimore, Md., has 
retired. Mr. Faught was graduated from 
the Massachusetts Institute of Technology 
in 1894 and entered the employ of the 


’ General Electric Company in 1898 as test 


man. Since 1900 he has been engaged 
in sales engineering. He was stationed in 
Philadelphia, Pa., in 1900, in Richmond in 
1902, and in Baltimore in 1903. Except 
during World War I when.he had charge 
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of the company’s Washington, D. C., office, 
he has remained at Baltimore since. 


OBITUARY 


Stephen §S. Darrall (A’41) member of the © 
United States Merchant Marine was re- 
ported lost at sea in September 1943. Mr. 
Darrall, who was born August 29, 1882, 

in Irwin, Pa., commenced electrical work as 

an engineering apprentice for the Westing-_ 
house Electric and Manufacturing Com- 
pany, East Pittsburgh, Pa., in 1902 and was aa 
transferred to New York, N. Y., to do con- 
struction, erection, and Sleduical servicing 
in 1904. Going to Iniwue, Chile, in 1907 
he was employed in electrical engineering, _ 
sales, and construction for J. K. Robinson, 
Westinghouse agent in Chile, Peru, Bolivia, }- 
and Ecuador. He served aboard the S.S. 
Minnesota in 1914 before entering the | 
employ of the Kennecott Corporation, 
Latouche, Alaska, as chief electrician. As 
chief electrician he also worked for the 
Pacific Coast Gypsum Company, Gypsum, — o 
Alaska, from 1917 to 1919. In 1919 he 
entered the district service department - of v 
the Westinghouse company in Seattle, mb 
Wash. He was superintendent of electrical 
construction for the Long Bell Lumber 
Company, Longview, Wash., from 1923 to 
1925 and for the San Francisco Mines of 
Mexico, Parral, Chihuahua, Mex., in. 1926 
and 1927. Returning to the United States 7 
he was employed in the district service de- 


_ partment of the General Electric Company — 5 


in 1928 and of the Westinghouse Company 
in 1929. From 1931 to 1941 he was em- — 
ployed at various engineering projects, me- 
chanical and civil as well as electrical. In 
1941 he was employed on the national 
defense program at the Boston Yards of the 
United States Navy. He resigned in 1943 
to join the merchant marine. / 


> 


~ 


William McNichol Eglinton (A ’03) second-— 
hand-machinery and fire-insurance broker, 
Santiago, Chile, died August 4, 1943. He | 
was born May 14, 1867, in Glasgow, Scot- 
land, and gained his electrical training in 
the experts course of the Thomson-Houston __ 
Electric Company in 1888 and 1889 and in 
the student course of the General Electric 
Company at Schenectady, N. Y., and-Lynn, 
Mass., in 1899. From 1889 to 1893 he © 
worked as draftsman and foreman in Vene- 
zuela and in 1893 joined the Maracaibo 


-(Venezuela) Electric Light Company as 


chief engineer and electrician. In 1901 he 
became constructing engineer and technical _ 
director for the South Puerto Rican Sugar ~ 
Company. Later he was associated with 
the Electric Company of Concepcion (Chile) 
until 1910. For a time he was consulting 
and constructing engineer in New York, - 
N. Y., and in 1912 was employed as engineer ~- 
by the International Machinery Company, 
Santiago, Chile. He became manager of 
the Industrial Supplies Company, Santiago, 
in 1920 and manager of the machinery 
department, Errazuriz Simpson and Com- 
pany, Ltd., Santiago. From 1926 to 1929 
he was sales engineer for Wassel, Duval and 
Company, Santiago, and for the Allis- 
Chalmers Manufacturing Company from 
1929 to 1936. He established a consulting 
practice in 1936 and a brokerage in 1940. 
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Cyril Cochrane Levy (A’33) industrial 
engineer, Westinghouse Electric and Manu- | 


facturing Company, East Pittsburgh, Pa., 
and 1943-44 chairman of the AIEE com-. 
mittee on electrochemistry and electro- 
metallurgy, died June 5, 1944, Mr. Levy 
was born September 18, 1886, in Lucea, 
Jamaica, B. W. I., and attended Toronto 
University. His first position in the elec- 
trical industry was switchboard operator for 
the New York (N. Y.) Edison Company in 
1905 and 1906, During 1912-13 he worked 
as electrical draftsman for the Canadian 
General Electric, Company, Toronto, Ont. 
As switchboard draftsman he joined the 
_ Westinghouse Company in 1913 and from 
1916 to 1920 he was designing engineer in 
the switchboard department. In 1920 he 
was placed i in charge of switchboard drafting 
and in 1922 became automatic switching 
engineer. Since 1930 he has been engaged 


in application engineering specializing in ~ 


electrochemical and chemical industries. 
Mr. Levy had served on the committee on 
electrochemistry and electrometallurgy since 
1934 and held the committee chairmanship 
for 1940-41. He was a member of the Elec- 
_ trochemical Society. 


" Harold Leonard Smith (M36, F 42) chief ' 


engineer, the Louis Allis Company, Mil- 


-waukee, Wis., died April 7, 1944. Born in 
» Niles, Mich., October 16, 1890, Mr. Smith 
wy received from Michigan State College the 
\ ‘degree of bachelor of science in 1914 and 
the degree of electrical engineer in 1920. 
As a graduate student he studied under 
t Benjamin J. Lamme at the Westinghouse 
Electric. and, Manufacturing Company, East 
% Pittsburgh, Pa., in 1914. Named design 
engineer in 1915, he entered the United 
States Navy in 1918 and in 1919 returned to. 
_the Westinghouse Company to work on 
induction motor design. He joined the 
Howell (Mich.) Electric Motors Company 
in 1920 as resident engineer and in 1921. 
joined the Mechanical Appliance Company, 
Milwaukee, which ‘later became the Louis 
Allis: Company. Within a year he was 
given the title of chief engineer. Mr. Smith 
served on many committees of the National 
Electrical Manufacturers Association and 
‘was a member of the Engineers Society of 
y Milwaukee. A number of patents were 
issued to him. : ; 


"i ; P ‘ 


William deYoung Kay (A’16) treasurer, 
Lane Cotton Mill Company, New Orleans, 
La., died January 31, 1944. Mr. Kay, who 
was born in Memphis, Tenn., November 24, 
1891, was graduated from Massachusetts 

; Institute of Technology in 1913. From 
1913 to 1919 he was employed by the Edison 
Electric Illuminating Company of Brooklyn 

_ (N. Y.) as salesman and power engineer. 
After a short association with the Franklin 


Baker Company, New York, N. Y., he be- 


came president of the United Vegetable Oil 
Refinery, Inc., New York, in 1920. He was 
partner and president of Kay and Ellinger, 
New York, from 1924 to 1926,- dissolving 
this partnership to become vice-president 
of Nathan Straus and Sons, Inc., New York. 
Employed as a broker and member of the 
New York Stock Exchange from 1928 to 


1936, he also was associated with Halle and, 


Steiglitz, New York, from 1929 to 1931. 
He was partner in Kay, Byfield and Com- 
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electrical 


- Bellows Falls 


pany, New York, “ from1936 to 1943, In 
1943 he joined the Lane Cottaas Mill Com- ) 


pany as treasurer. 


‘ 


Chester M. Davis (A 743) general results 
engineer, traffic department, Postal Tele- 
graph Cable Company, New York, N. Y., 
died April 27, 1944. He was born Febru- 
ary 28, 1907, in Youngsville, Pa., and was 
graduated from the University of Pennsyl- 
vania with the degree of bachelor of science 
in electrical engineering in 1929. In 1930 
he joined the Postal Telegraph Company, 
Dallas, Tex., as instructor in testing and 
regulating. He was made testing and 
regulating inspector for the company’s 


Southwestern division in 1932 and division — 


traffic superintendent in 1936. He was 
transferred to New York as general results 
engineer in 1938. Mr. Davis was a member 
of Eta Kappa Nu and Sigma Tau. © 


‘ 


Edwin Bailey Lovewell (M’43) electrical 
research engineer, 
Machine Company, died in November 1943. 
Born January 17, 1904, in Royalston, 
Mass., Mr. Lovewell was graduated from 


Worcester Polytechnic Institute in» 1926 — 


with the degree of bachelor of science in 
engineering. He entered the 
employ of the General Electric. Company, 
Schenectady, N. Y., in 1926 as a testman 


and’ in 1928 was made industrial control 
‘design engineer. 


From 1929 to 1930 he 
was stationed in the industrial engineering 
department where he worked on industrial 
applications. In 1930 he was transferred 
to the company’s Providence, R. I., office. 
He was.engaged in design and application 
engineering for Sumner L, Willson, Hartford, 
Conn., from 1933 to 1942. In 1942: he 
joined the New Britain Machine Company. 


. He was a member of at Beta Pi. 


} 


"William James Sanford (A ’23) commercial 


salesman, Florida Power and Light Com- 
pany, Miami, died December 23, 1943. 
Born August 24, 1878, in Plymouth, Pa., 
Mr. Sanford commenced “his career as 
general foreman for the Jandus Electric 
Company, Cleveland, Ohio, from 1899 to 
1902. In 1902 he became superintendent 
for, the Camaguey (Cuba) Electric Com- 
pany. He returned to the United States 
and served as general manager of the 
(Vt.) and Saxtons River 
Street Railway Company from 1906 to 


1920. After a short period: as division « 


manager and construction engineer for the 


Camaguey Company from 1920 to 1924, - 


he joined the Florida Power and Light 
Company as engineer in the distribution 
department. In 1942 he was Assignated 
Commercial salesman. FY 


C. Edward Cole (A’27) staff supervisor, 
long lines traffic department, American 
Telephone and Telegraph Company, New 
York, N. Y., died March 19, 1944. He 
was born March 2, 1884, in Wilcox, Pa., 
and was graduated from Stevens Institute 


of Technology in 1906. After holding 


various positions with American Telephone 
and Telegraph Company from 1906 to 


1909, he became vice-president and chief 


engineer of the L. J. Wing Manufacturing 
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that position until 1924, servin 


been supervisor in the standards laborator y 


New Britain (Conn.) 


- Haines, T. 


eS maine pa ee 


Ga., from 1916 to 1920. In | 
appointed engineer in the long lines de art 
ment and staff supervisor in 1940. : 


1911 to 1917 he was cise dectia 

Clunes Theaters Company and in 
entered the employ of the’ Southerr 
fornia Edison Company, working on 
tribution until 1919. Since 1919 he 


He was a past chairman of the meter c 
mittee of the Pacific Coast Electrica 
ciation. : 


was Soir ‘anuary ta 1910, i 
Ill., and received the degree of b 
Ecience in electrical engineering | 
University of Illinois in 1934, 
employed as testing engineer 
McIntosh Electrical Corporation, 
Ill., from 1935 to 1937 and in 1937 jc 
the Illinois Testing Laboratories, hy 
Chicago, as sales’ enemeah sis 


(A°20) en 


Bite s. Carpenter 


ee Noemie, N. Ya died ye 
He was born October: 2/5 ted oy a 
Vt., and attended the University 
mont. He entered the employ fo) 
York ee peter th in ee 


Cieniega aunt Unadilla Telepho 


person ; 
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Doull, A. G., Mountain States Tel. & Tel. Co., Great 
Falls, Mont. ; f 

Eminger, W. D., Montana Pr. Co,, Great Falls, Mont. 

Hansen, M. O., Montana Pr. Co., Great Falls, Mont. 

Johnson, D. A., Mountain States Tel, & Tel. Co., Great 
Falls, Mont. 2 

Klockler, W. C., Montana Pr. Co., Great Falls, Mont. 

Kraft, W. R., Bonneville Pr. Adm., ee Oreg.. 

Mangan, J J.,, Bonneville Pr. Adm., Eugene, Oreg,. 

Reid, R. A., Montana Power Co., Great Falls, Mont. 


Richardson, W. D., Montana Pr. Co., Great Falls, Mont. 


Staff, C. H., U. S. Army Engns., Seattle, Wash. 


10. CANADA 7 
Barbour, C. A., D. M. Fraser, Ltd., Montreal, Que., 


Can. ‘ 
Edwards, F. C. N., Northern Elec. Co. Ltd., Regina, — 


Sask., Can. 

Eull, L. F., Lieut., R.C.N., Halifax, N. S., Can. 

Finch, G. H., Canadian Westinghouse Co,, Ltd., Ot 
tawa, Ont., Can. : 

Mather, R. H. (Reelection), Shawinigan Water & Pr. 
Co., Montreal, Que., Can. ; 

Streeter E. R, (Reelection), Sorg Pulp Co., Ltd., Port 
"Mellon, B. C., Can. 


Elsewhere - 
Boutacoff, A. A., Mount Isa Mines Ltd., Mount Isa, 


Aust. 

Heeley, F. S., R.A.F., London, England 

Jones E., English Elec. Co., Bradford, England 

ace, A. B., British Thomson-Houston Co. Ltd., Man- 

chester, England 

Salama, G., Western Gharbia Pumping Stations, El 
Buseili, Rosetta Line, Egypt 

Total to grade of Associate 
United States and Canada 114 
Elsewhere 5 : 
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Performance of New Walkie- 
Talkie in Anzio Action Praised 


In its baptism of fire in the Anzio beach- 
head assault the latest Signal Corps ‘‘walkie- 
talkie” or SCR 300 radio set met and ex- 

ceeded every expectation for range and reli- 

ability and was lauded as the most valuable 
item of radio equipment in the attacking 
division by the division signal officer. 

The SCR 300 set, omnipresent at the Anzio 
landing, was used in all radio nets from 

division to infantry companies as well as in 
_ Cub observation planes and afterwards was 
termed the most successful instrument yet 
devised for amphibious communications. Its 
range is triple that of the former “‘walkie- 
talkie,” and it has remarkable clarity of tone 
attained through frequency modulation 
which eliminates static. Netting of the sets 
on one frequency is facilitated by the substi- 
tution of the superheterodyne for the super- 
regenerative receiver. An extra goose-neck~ 
type antenna supplements the standard 
vertical antenna of such sets. 
transmission even when the operator is prone 
on the ground. A headset for the operator 
and a handset for the officer in command ac- 
- company the new model. Miniature radio 
tubes prolong the life of its batteries and add 
to its compactness. The set is treated to 


withstand rain and immersion in water for 


short periods. Although the new model 
weighs 35 pounds, , as did the older one, its 
portability is enhanced by an extra strap 
which encircles the soldier’s waist and dis- 
tributes the set’s weight more evenly. 


First Telephone Sets Since 1942 
Ready for September Production 


: Resumption of the manufacture of civilian 
telephone sets which ceased completely in 
1942 has been authorized by the War Pro- 

duction Board. Priority in obtaining the 
annual output of 800,000 sets will be given 
by the communications division of the Office 
of War Utilities to the regions most urgently 
in need of them. 
The restriction on the Peuneutare of the 
_ sets was lifted as a war measure to supply 
essential users, and no general distribution 
to private persons will be made until all es- 
sential needs have been filled. Delivery of 
the first sets, expected to occur in the late 
fall, probably will be assigned te the Pacific 

Coast area where the great industrial ex- 
pansion caused by the war has been handi- 
capped by a dearth of telephone facilities. 

To meet its quota of 80 per cent of the re- 
leased orders, the Western Electric Company 
has leased for three years an eight-story plant 
in St. Paul, Minn., formerly devoted to the 
manufacture of sporting goods. The plant 
will be equipped by reinstallation of dis- 
mantled machinery from the company’s 
Hawthorne plant, Chicago, Ill., which in 
common with the company’s other plants at 
present is in full operation fulfilling Govern- 
ment contracts. The company pointed ‘out 
that this expansion of its facilities will not 
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‘structural properties. 
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necessitate any new construction. ‘Produc- 
tion is scheduled to begin in September 1944 
with a working force of 1500. Availability 
of labor supply was a factor in leasing the - 
property in St. Paul. 


‘ 


POSTWAR eevee 


Postwar Horizons for Plastics 


Sighted by Scientists ; 


A civilian’s preview of four new plastic’ 
materials, now employed almost exclusively - 


-in military and naval equipment, but ex- 


pected to compete with steel, wood, and 
other prime materials in the postwar econ- 
omy, was conducted recently in New York, 
N. Y., by the Westinghouse Electric and. 
Manufacturing Company. At the luncheon 
held in conjunction with the demonstration 
of Fostorite, Micarta 444, preformed plastic, 
and a synthetic insulating resin, the men 
most closely associated with the ‘develop- 
ment of each described the events behind | 
that development. 


J. A. Hutcheson, associate rdiedear of the 
Westinghouse Research Laboratories, fo- 
cused attention on the scientist’s and engi- 
neer’s view of research in plastics. Their 
viewpoint is directed toward producing a 
material which can perform a function better 
than any other material in existence rather 


/ 


than toward producing a mere substitute or ~ 
ersatz material, according to Doctor Hutche- 


son. He explained ‘his company’s pre- 
eminence in the plastics field as a logical 
outgrowth of its manufacture of electrical 
products. The company needed, he stated, 
an electrical insulating material with good 
Though the original 
impetus to the recent advances in plastics 
came from wartime scarcities and problems, 
he forecast that even when a more normal 
flow of raw materials is restored plastics 
would compete with the older materials on 
a strictly utilitarian basis. Their decorative 
qualities or novelty will not be the primary 
reason for any postwar expansion, he asserted. 


Fostorite, an entirely new impregnating 
material, and a synthetic resin which substi- 
tutes far shellac—both fostered by war 
needs—were described by C. F. Hill (F ’39) 
manager of the Westinghouse Company insu- 
lation department. Developed as an im-’ 
pregnant for standard electrical equipment, 
Fostorite has solved the problem of effec- 
tively moisture-proofing radio, radar, and 
other communication equipment in the ex- 
cessively humid atmospheres of tropical 
climates. Usable without a solvent, Fostor- 
ite effects a 100 per cent filling of all space 
within the insulation. During the impreg- 
nation of the coil or device, the impregnant 
is in a liquid state, but the solvent reacts 
with another resin dissolved in it, and the - 
whole mass turns to a durable solid. There 
are no by-products to the reaction that must 
escape. Though Doctor Hill was unable, 
for military reasons, to reveal the chemical 
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_ over natural shellac with its many impur 


not Ga shellac but also mica, its, compani 


_ plastic piece finally is molded by heat 


composition of Fostorite, he mentioned t 
facts that the complete filling allows m 
higher-voltage gradients which in turn per- 
mits a radical reduction in size and wei 
of equipment so protected. Moreover 
elimination of voids in coils increases t 
heat conductivity of the structure. Experi- 
ments show that it is insoluble in transformer 
oil as well as water resistant as a coating. _ 


developed to replace the shellac supply ¢ 
off by the war in India ultimately will prove 
superior to. the original material. The ten- 
sile strength of fiber-glass bonded with t 
synthetic resin exceeds that of cast iron 
sheet brass and equals that of many st 
The resin appears to be an improvem 


for use in commutators and electrical i insu- 
lation, he said. It now promises to elimina 


ae 
material in commutators. 4 


The preformed plastic, which is the latest 
answer to the question of how to combine 
the great strength of laminated plastics a: 
the more complex shapings hitherto possi 
only in brittle plastics, was introduced 
A. A. Bates. As Doctor Bates defined t 
problem, the researchers set out to embody 
the ductility as well as the strength of metals 
in a single plastic substance. ‘The resu 
preformed plastic first materializes as a 
ture of wood pulp, water, and a pheno 
resin. This is strained by a ‘suction d 
against a copper-gatize shape of the finish 
product. The thickness of the end pro 
is controlled by the length of the suc 
process collecting the fibrous mass around 
the copper-gauze shape. This preformed 


pressure as any other plastic. The new 
plastic has been employed successfully in 
airplane tail fillets and expcmmcntal for ] 
airplane propeller hubs. : acl 


The story of another war-born technique — 


for stretching the hot plastic material known 


as Micarta, which is the leading plastic now 
used for industrial application, was related 
by E. R. Perry, manager of the Westing- 4 
house Micarta department. Since the war, 

the new ‘process has enabled the fabrication 
of complicated shapes from this laminated _ 
plastic formerly economically applicable | 
only to shapes derived from such forms as — 

plate, rod, tubes, angles, and channels. “Wert 
production called for the fashioning of intri- _ ; 
cate shapes with a minimum of tool steel. 
Although laminated phenolic was believed — 
for many years to be inert at temperatures 
below decomposition, recent experiments ; 
vealed a stage (at 275 degrees Fahrenheit) _ 

of considerable flexibility. When ‘Micarta_ 
so treated was cooled to normal tempera- by 
tures, its average physical properties were 4 
recovered. As a result wing-gun ammur - 4 
tion feeds, bomb racks, fuselage tail-wheel — ‘ 
housings aad aviators’ chart cases are being 
manufactured from the new Micarta 444. 

Doctor Perry reported that a one-inch bar _ 

of the material will stand a tensile pull of 
13,000 pounds and can carry a compression _ 

load of 30,000 pounds without cracking. Atl % 


r\ 
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eciperatures as high as 170 degrees Fahren- 
heit, it will not wilt and even gains in im- 
pact strength.. This strong lightweight 
_ decorative material is, expected to influence 
the fields of furniture, lighter railroad car, 
and automobile manufacturing after the war. 


Proposed Postwar Unemployment 
Compensation Plan 


_A plan for withholding a percentage of 
present war-production profits for the post- 
war benefit of returning veterans and un- 
employed war workers was outlined recently 


by Willard F. Rockwell, chairman of the. 


board, Timken-Detroit Axle Company and 
Standard Steel Spring Company. Presented 
as a contribution to postwar planning, it is 
designed to promote a measure of security 
for both labor and industry in the economic 
upheaval that will follow contract termina- 
gions. + -' : 

The six basic points of the “Rockwell 


plan” are: 


“1. Every company engaged in whole or substantial 
part with war production be permitted to withhold from 
1943-44 and 1945 gross income, after taxes and normal 
profit, and before renegotiation, a sum up to the equal 
of one average week’s wage or salary for each month of 
continuous employment of each person on the payroll, 
with a maximum total equal to 24 weeks’ wage or salary 
for employees who have worked two years or more. 


“2, Based upon the same formula, an equal sum to be 


withheld for each ex-employee now serving in the Armed _ 


Forces, with the same maximum and minimum with- 
holdings operative. . 


“3. These funds shall be held by each company. A 


- 


complete record of such withholdings, together with the 
record of each active employee, plus those serving in the 
Armed Forces, shall be sent to the Social Security Board. 
Payments out of the fund shall also be recorded with the 
Social Security Board. These records shall be available 
to the public. 


4, Disbursements of these funds to unemployed workers 
will start at the time of complete cancellation of war con- 
“tracts, Or i in the instance of graduated contract cancel- 
lations due to readjustments in the war-production pro- 
gram, a joint labor-management committee in each plant 


_ shall determine the mutually satisfactory point at which 


~ 


disbursements shall start. In the case of ex-employees 
returning from the Armed Forces, payment shall start 
upon personal application of each ex-employee. 


“*5. Disbursements are to be made at a rate in conform- 


ity with the maximum and minimum established by _ 


state or Federal governments for unemployment com- 
pensation, until 


(a). A job of comparable skill and compensation as last 
held shall be made available to each person entitled to 
these benefits, or | 


(6). Until such time as the total benefits accruing to 
each individual employee are completely disbursed, or 


(c). 


Until other employment is obtained by each person 


* entitled to these benefits. 


“6. At the end of two years after complete settlement of 
all terminated war contracts, all withheld funds not 
disbursed by the companies operating under this plan 
shall be paid to the Federal government.” ‘ 


In addition, the plan includes a recom- 
_ mendation that the Government establish a 
~ board of business men to survey the compli- 
cated surplus-property and production-facil- 
ity inventories now under the control of 
government procurement agencies for the 
purpose of recommending immediate steps to 
reduce these surpluses so as not to dislocate 
the national economy when the war ends. 

‘Colonel Rockwell, who is also chairman of 


the board and president of the Pittsburgh 


ws 


Equitable Meter Company and chairman of 
the boards of the Hupp Motor Company and 
the Merco-Nordstrum Valve Company, has 
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petitioned President Roosevelt and Congress 
for permission to institute this postwar plan 
in his own companies. 


CED Publishes First Study 
on Postwar Economy Problems 


! 

The research program of the Committee 
for Economic Development, which represents 
a comprehensive study on postwar economy 
problems by businessmen and economic ex- 
perts, recently published its first survey, 
‘Production, Jobs, and Taxes,” by Harold 
M. Groves, professor at the University of 
Wisconsin. The book is a survey of the fed- 
eral tax structure, with recommendations for 
a postwar tax program that will be conducive 
to high levels of peacetime production and 
employment. It is the first of some 20 re- 
search studies now under way or projected 
by the research committee of CED. 

Included in the subjects being studied are: 
Liquidating war production. 

Removing wartime economic controls. 

Financing the reconversion and expansion of eee 
Man-power demobilization and re-employment. 
Providing for transition unemployment. , 

Money and banking policy during the transition. 


Agriculture after the war. 
International economic relations in the postwar world. 


Chairman of the research committee of 
businessmen is Ralph E. Flanders, president 
of the Jones and Lamson Machine Company. 
Chairman of the research advisory board of 
social scientists is Professor Sumner H. 
Slichter of Harvard University, Cambridge, 
Mass. Theodore Yntema, professor of eco- 
nomics on leave from the University of Chi- 
cago, IIl., is director of the staff of economists. 


Rivalry for Postwar Control 
of World-Wide Communications 


The United States Government is planning 
now to gain a share in control of the world’s 
system of postwar communications, accord- 
ing to a recent article in the United States 
News. International communications in the 
past have been dominated by Great Britain, 
and lower rates have been given to British, 
Canadian, Australian, and other Empire 
businessmen than are available to people 
of the United States communicating with 
persons in the British Empire. The British 


‘maintain a flat rate of 30 cents per word for 


cablegrams and radiotelegrams between 
any two points in the Empire, whereas 
rates to residents of the United States in some 
instances may exceed one dollar per word. 

Congress will be asked to shape a new 
policy for American communications com- 
panies, in order that the United States may 
enter into discussions on matters of rate 
control and service restrictions. 


INDUSTRYeececes 


Military and Postwar Radio in 
Russia Discussed by Ellis 


Speaking on’ “Radio in Russia” before 
the third War Production Conference and 
the 20th annual membership meeting of the 


Of Current Interest 


Radio Manufacturers Association in Chi- 
cago, Ill., June 6, 1944, Ray C. Ellis, direc- 
tor of the radio and radar division of the 
War Production Board, described his impres- 
sions gained during a six-week intensive 
study in Russia of Soviet electronic-equip- 
ment requirements. 

Mr. Ellis visited representative radio fac- 
tories in Moscow and the Ural region, and 
observed development trends, types and 
quantities of products being manufactured, 
and organization and facilities. Purpose of 
the visit was to discuss with Soviet engineers. 
and factory managers their military electronic 
situation in relation to their production and 
our’ assistance as well as to discuss plans for 
closer working arrangements in the radio 
field both now and after the war. 


_As compared with the radio industry in — 


the United States, Mr. Ellis found that of 
Russia prior to the war quite small. Home 
and apartment installations used loud- 
speakers each with a volume control which 
were connected to a centrally operated re- 
ceiver. Because of small production, hand 


methods, and lack of suitable transportation, — 


most of the 15 factories producing radio sets — 
made all of their own parts except the tubes 
and loud-speakers. -There was no stand- 
ardization of parts, and the factories did 
very little development work themselves be- 
cause the design and development of new 
models originated with a central govern- 
ment planning agency. 

What research and development was in 
progress was set up separately from the fac- 
tories, Mr. Ellis reported, and was associated 
with the universities at Leningrad and Mos- 
cow, and with the National Academy of 
Sciences in Moscow. The programs con- 
sisted mostly of work on high-powered trans- 


mitters, television, and special tubes, with — 
little concentration on receiving tubes, short- 


wave sets, high fidelity, frequency modula~ 
tion, loud-speakers, or component parts. 
There were two experimental television sta- 
tions in operation. ‘ 

Foreign contact by Russian engineers was 
kept to a minimum, even before the *30’s. 
That permitted was limitéd largely to repre- 
sentatives of the Radio Corporation of 
America, some German assistance in Lenin- 


grad on tubes, and some English help on a — 


loud-speaker plant. 

When Germany invaded Russia in June 
1941, all of the radio industry had to be 
evacuated, under extremely adverse condi- 
tions, from locations in the west to central 
Siberia, Mr. Ellis explained. Although 
much of the work after the invasion was con- 
ducted under extremes of weather and war- 
fare hazards, many of which still prevail, he — 
found that the factories had all the elements 
of a modern plant, and that both production 
and morale were at a high level. , 

Mr. Ellis reported that entire plants are on 
a quota basis, with production results posted 
every ten days. All radio-factory employees 
are on an incentive basis, with the total 
weekly pay check dependent upon their rate 
of production. Workers in departments — 
other than production are awarded medals 
for outstanding performance, which they 
proudly wear and which also entitle them to 
additional food coupons, better seats at the 
opera, additional gasoline for their cars, and 
in general provide a basis for a higher stand- 
ard of living. 

For postwar expansion Mr. Ellis declared 
that the Russians were in possession of the 
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’ knowledge and ability to establish plants 
comparable in operating efficiency to the 
radio factories in the United States. 


Expanded Oil Output Will Aid New 
- Industries in Latin America 


Increase in power supply is the fulcrum 
of industrial progress in Latin America, 
- according to a report from a recent issue of 
‘the United States News. It will be accom- 
plished largely through the development of 
hitherto untapped petroleum resources in 
Brazil, Peru, and Ecuador, and through 
expansion of petroleum ‘production in 

_ Argentina and Venezuela. 
Since coal has been found only in accall 


‘quantities south of the Rio Grande so far, « 


and since hydroelectric expansion, although 
potentially large, is a long-term program 
which undoubtedly will necessitate govern- 
_ment participation, petroleum offers the 
_ immediate answer to the fuel and power. 
problems of new’ Hemisphere industries. 
The Peruvians already have started pro- 
duction in the previously untapped trans- 
_ Andean region of the Amazon basin, drilling 
in Brazil and Ecuador has been delayed 
awaiting equipment held up by the war, 
_ and development in Haiti, Santo Domingo, 
and other countries is still in the eeploratery 
stages. r 
In the meantime, production i in Venezuela, 
_whose proved resources are expected ‘to 
make her the ‘world’s second oil producer, 
_is running at almost 50 per cent above the 
- low of 1943, caused by the shipping shortage. 
By the end of 1944, Venezuelan production 


is expected to reach 750,000 to 800,000 bar- 


Rares daily. This compares with ey recent 


a day. . 
One of \the most interesting facts Ae, 

this expansion is the mutual-assistance basis 

a, which it will be achieved. The recent 


Conference of Inter-American Development » 


Commissions urged the co-operation of the 
_ Hemisphere countries in supplying much of 
the necessary capital, technicians, and ma- 
chinery, themselves. 
Since Venezuela’s Central Bank has been 
unable to sell importers the dollars turned 
in by United States oil firms to obtain 
_ bolivars for their operations, the capital 
for Venezuelan oil expansion will have to 
_ be supplied by national funds. The funds 
will be negoti :ted in bolivars borrowed from 
the Central Bank, or in gold, imported to 
strengthen Venezuelan reserves and to re- 
move surplus funds from the market. 
of local funds may indicate a new trend of 
_ growing national participation in foreign- 
__,. owned enterprises, and may reduce preya- 
_ lent high interest rates in Latin America. 
_ Expansion of Argentine petroleum pro- 
duction will influence United States— 
_ Argentine trade relationships indirectly, 
since increased industrialization will lessen 


reliance on farm exports, largely to Great ~ 


Britain, to maintain Argentine economy. 


High-Frequency Electric Field 
Used in Processing Foodstuffs 


Uhlmann patent 1,992,515 entitled ‘‘Ap- 
paratus for the Preparation of Foodstuffs,” 
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et 


__ high in the United States of 4, 500,000 barrels 


Use 


available for licensing through the Alien 
Property Custodian, describes equipment by 
' which raw food materials are subjected to a 


high-frequency induced | electric field for 
processing. The apparatus is a wave oven 


which consists of a transformer coil supplied 

_ with 220 volts at 50 cycles, a secondary coil: 
connected to a capacitor, a spark gap, and 
another coil that emits a high-frequency 
field of 800 meters or less. 

The method may be used to can food- 
stuffs as well as to cook and preserve them. 
Advantages claimed are saving of time, 
improvement in taste, and retention of 
vitamins and mineral salts, Fruits can be 
cooked in their skins without loss of shape, 
and milk is freed of living organisms without 
heating to 100 degrees centigrade, or boiling 
temperature. It also may be used to brew 
coffee and tea, obtaining the same extraction 


at a maximum temperature ‘of 70-75 degrees _ 


centigrade (169 degrees Fahrenheit) as 
compared with the temperature of 100 
degrees centigrade when made by me usual 
methods. 

Many other inventions relating to food 
processing, machinery, and packaging are 
included in the 45,000 vested patents and 
_ patent applications which have been seized 
by the Alien Property Custodian from 
enemy aliens and nationals of occupied coun- 
tries. Catalogues and class lists of vested 
patents may be purchased from the Alien 
Property Custodian, Chicago 3, Ill., or are 
available for public inspection, | along with 
copies of the patents, in the Custodian’s 
patent administration division offices in 
Washington, D. C., New York, N. Y., 


- energizes an  electromagneti 


Gidea; Tuy Boston, 
Oreg. Catalogues may 

in the regional and field o 
War Plants Corporation. I 
tions should be addressed 
Property Custodian, Division 
salestra on, naebiaeras 25, [ 


\ 
Electronic Sorting Table Speeds 
Inspection of Contact Assembli 
Much ereater speed in the sorting anc 
inspection of tiny contact assemblies pre 
duced at General Electric Company, § 
nectady, N. Y., has been made possible 
through the development of an electro c 
‘sorting table that routes the assemblies 
three different channels, depending 
whether they are too high, too low, or wi 
the tolerances. 
The specially designed sorting table 
corporates a new electronic relay an 
_factory-constructed “contact head.” 
_ assembly is fed onto a 45-degree slide 
part of the contact head. Ab 
down the slide the assembly comes to 
tact point located at preset height. 
assembly touches the point, it is o 
‘and the contact made closes the 
of the relay’s electronic tube, w 


solenoid is energized next, 
the assembly down a chut 
for oversize pee A sk 


The extreme mobility needed by the Navy’s landing see tank craft for shes 
landing of troops, often under enemy fire, isafforded by this electrically operated 


steering gear designed and built by the Baldwin Southwark division of the B L co- 


_motive Works. Located below deck in a compartment just above the rudders in 
‘stern of the craft, the gear is operated electrically by remote control from the w] aaa 
the bridge. In case of power failure the gear can be hand-operated. The cat 
arc in which the gear swings and the long steel arms which transmit the motion o 

gear to the rudders are shown here 
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at standard height less tolerance. Since 
Oversize assemblies have been eliminated 
already, parts touching the second point 
‘are within acceptable limits and are shot 
down a second chute. Undersize assemblies 
do not touch either point and slide un- 
disturbed into a third tray. 

Previously, the contact assemblies, each 
almost small enough to require handling 
with tweezers, were sorted and inspected by 
hand. Each assembly was checked with a 
needle micrometer and then sorted accord- 
ingly. 


al 


Central Bureau Established for 
Rural Electrification Data 


The Rural Electrification Information Ex- 
change, a central bureau for the collection, 
_ analysis, and indexing of all information now 
available on the uses of electricity on farms, 
has been established by Farm Journal, one of 
the largest rural magazines in the United 


- States. 


Much experimental research and: engineer- 


ing work on rural electrification has been 
done by agricultural schools, electric utilities 
‘—private and Rural Electrification Adminis- 
tration companies, manufacturers, and 
others, but the information has remained in 
the files of the individual institutions, for 
the most part. Through the new central 
agency it will be made available on request 
to manufacturers, advertising agencies, 
wholesalers, farm electrical dealers, utilities, 
all REA agencies and co-operatives, agricul- 
tural schools, experimental stations, county 
agents, the press, and any others interested. 


_ This service also will be extended to farmers | 


in an effort to help them meet individual 
_ electrification problems. 

The Exchange will be under the direction 
_ of Frank E. Watts, executive assistant of the 
_ Farm Journal who has been specializing in 
_ the study of farm electrification for the past 
A three years. Contributions from those having 
* such data in their files are being solicited 
eagerly, and should be addressed to head- 
quarters of the Rural Electrification Infor- 
‘mation Exchange, c/o Farm Journal, 420 
_ Lexington Avenue, New York 17, N. Y. 

, ae : 1 x 
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Emergency Commercial Standard 
7 for Dial Indicators Proposed 


_ A Proposed Commercial Standard (Emer- 
Bess for Dial Indicators, 7$-3712, has 
: _ been developed recently by the National 
Bureau of Standards to provide minimum 
essential requirements for precision dial 
indicators. In its present form the standard 
has been revised in line with composite 
attest opinion from the leading users, 
_ Government Bpencies, ee and 


; previously fet review aad comment. ca: 
_ rently it is being circulated to the trade for 
written acceptance, in order that it may be 
established as a commercial standard and 
be published by the Department of Com- 
amierce, 
‘The specification covers the major essential 
E requirements of precision dial indicators 
in four size groups of nominal bezel diame- 
ters, and takes up nomenclature, general 
requirements, detail requirements, packing, 
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and marking. 


Included in the standard 
are four descriptive sketches of the instru- 
ments and two tables. Should the number 
of acceptances received warrant publication, 
printed copies of the standard may be ob- 
tained from the division of trade standards, 
National Bureau of Standards, Washington 
25, D. C. 


Westinghouse Purchases West Coast Radio 


Station. Radio station KEX, a Portland, 
Oreg., affiliate of the Blue Network trans- 
mitting on a frequency of 1,190 kilocycles, 
has been purchased by Westinghouse Radio 
Stations, Inc., subject to the approval of the 
Federal Communications Commission. Ac- 
cording to a joint announcement from West- 
inghouse and from Palmer Hoyt, publisher 
of the Portland (Oreg.) Oregonian, the former 
owner of the station, the disposition of KEX 
complies with a recent FCC order limiting 
ownership by a single operator to one stand- 
ard broadcast station in a community. 
Both companies were affected by the order 
because the Oregonian also owns and operates 
station KGW in Portland, and Westing- 
house owns and operates two stations, WGL 
and WOWO, in Fort Wayne, Ind. Negotia- 
tions currently are in progress for the dis- 
posal of WGL by Westinghouse. When the 
Commission’s approval has been granted, 


' KEX will be under the general direction of 


Leo B. Wailes, manager of Westinghouse 
Radio Stations, Inc. | The station has been 
‘Operating since 1926. 


Philco Sets Up Television Relay Trans- 
mitter Link. A New York to Philadelphia 
television relay transmitter link, connecting 
the two cities for video broadcasts, has been 
established by Philco Corporation, Phila- 
delphia, Pa., and was officially dedicated 
on May 25, 1944. The new link, installed 
near Princeton, N. J., replaces previous 
experimental installations, and reputedly 
marks the beginning of the first regularly 
scheduled television relay system capable of 
providing commercial service in the United 
States. It is now in operation every night 
to make the New York programs of station 
WNBT available to the audience of Philco 
television station WPTZ in Philadelphia. 


RMA Officers Elected. The Radio Manu- 
facturers Association meeting recently in 
Chicago, Ill, in its third war production 
conference elected the following officers for 
the coming year: 


President: R. c. Cosgrove, Cincinnati, Ohio. 


Vice-presidents: E. A. Nicholas, Fort Wayne, Indi, 
D. T. Schultz, Newton, Mass.; Walter Evans, Baltimore, 
Md.; R. CG. Sprague (M’40), North Adams, Mass. ; 
T. A. White, Chicago. 


Directors; H. A. Bell, Los Angeles, Calif.; R.E. Carlson, 


Newark, N. J.; Monte Cohen, Springfield, Mass. ; 
S. I. Cole, New Bedford, Mass.; F. M. Folson, Camden, 
N. J.; G. R. Fryling, Erie, Pa.; ; Joseph Gerl, Chicago; 
F. R. Lack (M ’37), New York, N. Y.; George Lewis, 
New York; Ernest Searing, Philadelphia, Pa. 


Addition of 12 new members of RMA also 
was announced at, the Chicago meeting. 
The new members are: 


Consolidated Radio Products Company, Chicago; 
Crystal Research Laboratories, Inc., Hartford, Conn. ; 
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‘Tne., 


Electronic Laboratories, Inc., Indianapolis, Ind.; 
Electronic Engineering Company, Chicago; Electronic 
Tube Corporation, Philadelphia; General Electronics, — 
~New York; Selenium Corporation of America, 
Las. Angeles; M. Simons and Son Company, Ine., 
New York; Mark Simpson Ma ufacturing Company, 
New York; Universal Microphone Company, Ingle- 
wood, Calif.; Viewtone Company, New York; Winters 
and Crampton Corporation, Grandville, Mich. 


The Association’s engineering department 
also arranged with the co-operation of the 
Society of Automotive Engineers for a series 
of tests of frequency modulation and other — 
receivers on problems .of automobile inter- 
ference with television and FM reception. 


An appropriation of $5,000 was authorized — 


for the project. 


JOINT ACTIVITIES 


? 


Subcommittee of ECPD Renore on ; 


Technical-Institute Education — 


The subcommittee on technical institutes 
of the Engineers’ Council for Erotesioneas 
Development recently presented a oe 
for the purpose of clarifying the status and ~ 
promoting the development of educational 
programs of the technical-institute type. 


The report, which was subsequently sub- ; 


mitted to the various engineering societies 
for their action, describes the scope of 


technical-institute education and suggests © 


minimum requirements and recommenda- — 


tions as to how they may be effected. The 


7 


4 


AIEE board of directors, at its meeting on 4 


May 25, 1944, passed a resolution approving © 
the plan for accrediting those technical — 
schools recommended by the ECPD tie 
committee. 

As defined in the report, the purpose of E 
these technical education programs is to — 
prepare individuals possessing a high-school — 
education or the equivalent for positions — 
auxiliary to but not in the field of profes- 


sional engineering. The work is essentially A) 
technological in nature, including virtually _ 


the entire range of engineering and technical — 
industrial practice, and the programs verge 
upon skilled craftsmanship at one end of — 
the scale and approach professional engi- |; 
neering practice at the other. 


Courses are 


more intensive and specific in purpose than — 


are the collegiate engineering curricula, and 
in duration range from a few weeks to two 
or three years of full-time day-school or 


~ 


five or six years of evening-school attendance. — 


From a number of independent studies of _ 
technical-institute education, the subcom- 


mittee ascertained a need in industry for 


at least three times as many graduates from 
technical institutes as for those graduating 
from four-year engineering college courses, 


Since the output of the technical institutes _ 


falls far short of this number and since the 
needs of industry must be served, many 
engineering graduates are employed for 
positions requiring less expensive and less 
fundamental training than that provided by 
the degree-conferring college. e 

Then, too, laws governing the registration 
of engineers do not recognize technical- 
institute graduation in evaluating educa- 
tional qualifications for licensure. Ac- 
crediting procedures do not include the 
technical institutes, and their graduates, 
therefore, receive no official credit for a 
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Future Meetings of Other Societies 


American Association for the Advancement of Science. 
Annual meeting, September 11-16, ESRD Cleveland, 
Ohio. 


American Society of Civil Engineers. July 16-21, 
1944, Chicago, Ill. 


American Society of Mechanical Engineers. Fall 
meeting, October 2-5, 1944, Cincinnati, Ohio; 
meeting, November 27-December 1, 1944, New York, 


ONS Y.. 


Institute of the Aeronautical Sciences. 
meeting, July 27-28, 1944, Los Angeles, Calif.; air 
transport meeting, September 1944, Washington, D. C.; 
fall meeting, November 1944, Dayton, Ohio. 


Society of Motion Picture Engineers. 56th semiannual 
fall conference, October 16-18, 1944, New York, N. Y. 


program of study that has prepared them 
adequately for service in numerous technical 
positions. 
In view of these facts the committee recom- 
mended that both industry and the engineer- 
ing profession act, in their own interests if 
for no other reason, to place technical 
institute education on a proper basis of 
quality and magnitude in the United States. 
Because of the diversification of programs in 
the various schools operating in the technical- 
institute field, it was suggested that each one, 
_ within stated boundaries, be judged on its 


own merits as, to quality, and that each. 


should be recognized and accredited in 
terms of its own purposes, scope, duration, 
and content. However, since some quali- 
tative limits must be established within 
which acceptable programs must fall, the 
following requirements were advanced as a 
tentative statement of qualifications that all 
programs must satisfy in order to be con- 
sidered. 


1. Duration: not less than one academic year of full- 
time work, or the equivalent in part-time work. 


2. Requirement for admission: high-school graduation 
or the equivalent. 


3. Curricula: technological in nature, employing the 
application of physical science and the techniques of 
mathematics to the solution of practical problems, and 
comprising a prescribed sequence of related courses 
with a reasonable amount of elective subject matter. 


4. Instruction: by accepted class, laboratory, or corre- 
spondence methods. 


5. Teaching staff: qualified as to education and ex- 
perience. 


6. Educational institution: an organized school or a 
division of an institution devoted to the specific aim of 
education of the technical-institute type; a stable 
organization with adequate financial support. i 

7. Physical facilities: 


adequate for 
offered. : 


the programs 


The subcommittee further recommended 
that recognition or certification of educa- 
tional programs of the technical-institute 
type be initiated by the ECPD, since it is 
the only agency of the engineering pro- 
- fession which has the status, backing, and 
public recognition necessary to insure 
acceptance of such. certification. Power 
should be vested in an accrediting group, 
which would include representatives of the 
institutes themselves and of the industries 
served by them. 


Editors Note: As an alternative to certification by an 
ECPD board, an accrediting organization may be 
established by the institutions themselves. The Na- 
tional Council of Technical Schools, organized in 
January 1944 (see EE, April ’44, p 158 and July 44, 
p 278) is a step in this direction. 
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Summer . 
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LETTERS TO 


EDUCATION eet 


Minimum Standards Adopted 


by Council of Technical Schools 


_ An amended Code of Minimum Standards 
recently was adopted by the National 
Council of Technical Schools. Revision of 
the tentative code adopted in January 1944 
was based on the suggestions of eminent 
educators, State educational administrators, 


and personnel directors in industry to whom. 


the code was submitted for comment and 
criticism. > 

After fixing the realm of the technical 
school between that of the trade school 
which teaches ‘skills and crafts and that of 


the academic institution which prepares 


primarily for the scientific and learned 
professions, the approved code sets up these 
general qualifications for such schools: 


1. Its principal courses of instruction shall be terminal 


rather than preparatory, intensive, practical, reflecting 


the best current technical practices of the field it serves. | 


- 


INSTITUTE members and subscribers are invited 
to contribute to these columns expressions of opinion 
dealing with published articles, technical papers, 
or other subjects of general professional interest. 
While endeavoring to publish as many letters as 
possible, Electrical Engineering reserves the right 
to publish them in whole or in part or to reject them 
entirely. Statements in letters are expressly under- 


Wigwags, Zips, and Zooms 


To the Editor: 


I still read Electrical Engineering with care. 
My six-year-old granddaughter, “Happy,” 
joins me to look at the “‘wigwags, zips, and 
zooms.”? “Happy,” ? 
Carolyn Burnett, uses these terms: 


peyaes = =oscillograms ~ 

“zips” “= riding curves 

‘zooms’ ’ = falling curves 

“‘scooters’? = wheeled transformers, or tanks — 


“Happy” zealously and carefully goes over 
Electrical Engineering as it is received, and her 
questions demand intelligent answers. I 
pap pene she is your yeutger student. 


‘DOUGLASS BURNETT (M A 
, (Retired engineer, Sparks, Md.) 


The Eayincerae Degree 


To the Editor: 


Almost every time I look at the personal 
column in any of the engineering magazines, 
I note a number of engineers listed as having 
degrees: bachelor of science in . . . engi- 
neering, - bachelor of engineering in .. . 
engineering, or bachelor of philosophy in 

. engineering and I often have wondered 


why steps are not taken to provide a means: 


whereby engineering graduates with bachelor 
degrees can earn their engineering degrees 
without resident rematriculation. 
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__ is established by ne code. 


THE ED a 


whose name is Anne — 


2. Its principal courses shall either consist 
of not less than 1,200 clock hours of class an 
work or have the approval of a State or Federal ag: 
3. Its adequate financial resources must be evident. J 
4. Its manager and owners must have a satisfact 
record of business integrity. re \ 


5. It must possess ‘the confidence of the leading 3 
ployers in the field it serves and maintain a satisfactory 
record of employment of its graduates. . 


6. It must be in operation five years before it is eligib ¢ 
for membership in the council. However newer i 
tutions may become nonvoting members. 

7. It must comply with Government requirements fo. 
its type of school in the State in which it operates. 


The code then goes on to present standa 
for the various grades of faculty membe 
the educational director, chief classroom 
instructor, chief laboratory instructor, and 
other instructors. Details of the regimen 
the school—qualifications for admission, 
content of courses, size of classes, grading 
system, and building facilities—must sat: 
a certain minimum. An ethical gu 
governing fees, advertisements, recruitin 
of students, and school representatives a 


stood to be made by the writers. Publication h 

in no wise constitutes endorsement or recogni 
by the AIEE. All letters submitted for publication 
should be typewritten, double-spaced, not carbor 
copies. Any illustrations should be submitted 
duplicate, one copy an inked drawing w 
lettering, the other lettered. Captions shoul y 
ea es for all illustrations. 


Some BREN confer an gagmeciag 
degree upon the completion of a four-year 
course while others (probably in the = 
jority) require at least a year of resider 
graduate study as a requisite for such 
degree. 

Most engineering evades find it ne al 
sary or expedient to seek employment soon 
after graduation and hence never find the 
time or the opportunity to take the additional 
year’s work. The result is that the holders 
of bachelor’s degrees, for the most part, 
are deprived of the opportunity of possessing 
engineering degrees no matter how much 
they may desire them or need the additional 
learning associated with them. 

If the engineering schools cannot c 
sistently confer an engineering degree with 
the four-year courses as now constituted, 
perhaps increasing the length of the scholastic 
year by shortening the vacation periods 
_would permit giving the added work neces- 
sary for earning such a degree in the four- 
year period. 

As an alternative proposition, I don’t see 
why the various engineering schools whi: 


: 
44 


consider the normal four-year course in- 
sufficient for an engineering degree couldn’t 


institute correspondence courses for tl leir 
graduates, thereby making it possible for 
the latter to procure the higher degree, 

At the present time the officials of many 
universities and colleges are wondering 
where they are going to find enough students 
to keep their respective institutions in th 
going concern class—at least for the duration 
and perhaps for sometime after. If they 
cannot find students for the undergraduate 
rt 
ake 
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t 


ail a 


‘ 


courses, I eheye they have an opportunity, 
if they are so disposed, to keep their teaching 
staffs at least partially employed through the 
instrumentality of graduate correspondence 
courses. j 

I would be ready and willing to try such a 
plan even though my bachelor’s degree is 
37 years old. 

It would be interesting to know what 
other “bachelor engineers” think of the 
graduate correspondence course. 


HAROLD M. GOULD (M42) 


(industrial engineer, Smith, Hinchman, and Corylls, 
TInc., Architects and Engineers, Lake City Ordnance 
‘Plant, Lake City, Mo.) 


NEW BOOKS. 6 « 


The following new books are among those recently 
received from the publishers. Books designated ESL 
are available at the Engineering Societies Library; 
these and thousands of other technical books may 
be borrowed from the library by mail by AIEE 
members. The Institute assumes no responsibility 
for statements made in the following summaries, 
information for which is taken from the prefaces of 
the books. All inquiries relating to the purchase of 
any book reviewed in these columns should be 
addressed to the publisher of the book in question. 


Tool Steels. By J. P. Gill, R. S. Rose, G. 
A. Roberts, H. G. Johnstin, and R. B. 
George. American Society for Metals, 
Cleveland, Ohio, 1944. 577° pages, illus- 
trated, 9!/, by 6 inches, cloth, $6. (ESL.) 
The aim‘in this book is to set forth con- 
cisely the existing theoretical and practical 
information on the types of tool steel that 
commonly are used. A description of the 
manufacture of tool steel is followed by 
chapters on testing, the principles of heat 
‘treatment, and the effect of alloying elements 
on the steel. Succeeding chapters review 
in detail the various classes of tool steels, 
presenting the available data about their 
properties, treatment, and uses. 


Oxy Acetylene Handbook. Published by | 


Linde Air Products Company, New York 17, 
N. Y., 1943. 587 pages, illustrated, 91/2 by 
6 Paces, cloth, $1.50. (ESL.) 

This is a practical basic manual intended 
for use in colleges, vocational schools, and 
shop training courses. All topics from 
general principles to inspection of welds 
and the management of shops are covered. 
‘The. book supersedes the ‘‘Oxwelder’s 
Handbook.” 


‘Modern Turbines. By L. E. Newman, A. 
Keller, J. M. Lyons, L. B. Wales. Edited 
by L. E. Newman. John Wiley and Sons, 
Inc., New York, N. Y.; Chapman and Hall, 
feondon, England, 1944. 175 pages, illus- 
‘trated, 8!/. by 51/2 inches, cloth, $2.50. 
(ESL.) 

Information concerning the characteristics 
of steam turbines and their generators is 
presented. for the use of engineers who are 
‘interested in the selection of equipment for 
a given job, but are not concerned with the 
details of turbine design and maintenance. 
The material presented appeared originally 
in Power Plant Engineering. 


Theory of the Gyroscopic Compass and 
Its Deviations. By <A. L. Rawlings. 
Second edition completely revised and reset. 
Jury 1944 . y 


’ 


, By B. Hague. 


_51/» inches, cloth, $8.50. 


F Vie PA 
Macmillan Company, New York, N. Y., 


1944. 182 pages, illustrated, 81/5 by 51/, 
inches, cloth, $3. (ESL.) 

The theory of this compass is presented 
by an authority who has invented various 
important improvements. Included are de- 
scriptions of the Sperry, Anschiitz, Arma, 
and other models in use today. Navigators 
and men concerned with the installation and 
maintenance of gyrocompasses, and ad- 
vanced instructors in schools will find the 
book useful. : 


ASTM Standards 1943 Supplement Includ- 
ing Tentative Standards. Part I, Metals. 


351 pages. Part II, Nonmetallic Materials 
—Constructional. 167 pages. Part III, 
Nonmetallic Materials—General. 539 pages. 


American Society for Testing Materials, 
260 South Broad Street, Philadelphia 2, 
Pa., 1944. Illustrated, 91/, by 6 inches, 
cloth, $3 each part. (ESL.) 

These volumes bring the 1942 book of 
standards up to date by giving the newly 
adopted and revised standards and tentative 
standards. Included are stickers for mark- 
ing the superseded standards in the 1942 
books. 


ASTM Standards on Rubber Products. 
Prepared by ASTM committee D-11 on 
rubber products; methods of testing, speci- 
fications, February 1944. American So- 
ciety for Testing Materials, 260 South 


Broad Street, Philadelphia 2, Pa. 424 
pages, illustrated, 9 by 6 “inches, paper, 
$1.75. (ESL.) 

This compilation brings together the 


standard and tentative methods of test and 
specifications pertaining to rubber products. 
Additions in this issue include specifications 
for compounds of rubber and synthetic rub- 
ber for automotive and aeronautical uses 
and for electric wire and cable insulation; 
methods of testing rubber-coated fabrics, 
asbestos sheet packing, and nonrigid plastics; 
and electrical test methods applicable to 
rubber products. 


Alternating Current Bridge Methods. 
Fifth edition. Sir Isaac 
Pitman and Sons, London, England; Pit- 
man Publishing Corporation, New York, 
N. Y., 1943. 616 pages, illustrated, 9 by 
(ESL.) 

The. purpose of this book, is to provide 
advanced students with an up-to-date ac- 
count of methods and apparatus for a-c 
bridge measurements of inductance, capaci- 
tance, and effective resistance at low and 
telephonic frequencies. The symbolic theory 
of alternating currents and its application to 
bridge networks, the principle underlying 
the various instruments involved, the classi- 
fication of bridge networks, and the choice 
of methods are discussed at length. Be- 
cause of war limitations, the text is that of 
the fourth edition, but errors have been 
corrected and many notes covering later 
developments added. Bibliographic foot- 
notes are frequent. 


Chemistry of Cellulose. By E. Heuser. 


John Wiley and Sons, Inc., New York, . 


N. Y.; Chapman and Hall, London, 
England, 1944. 660 pages, illustrated, 
81/2 by 51/2 inches, cloth, $7.50. (ESL.) 


This book provides a compendium: and 
critical digest of the literature on cellulose, 
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with due consideration of the microscopic 
and submicroscopic structure of the cellulose 
fiber. The scientific aspect rather than 
the practical application of cellulose chemis- 
try has been emphasized. An attempt has 
been made to consider all the essential 
literature up to October 1943. 


Engineering Materials, two volumes. 
Volume 1—The Ferrous Metals. 369 pages, 
$7.50 (25s. abroad). Volume 2—Nonferrous 
and Organic Materials. 479 pages, $8.50 
(30s. abroad). By A. W. Judge. Second 
edition. Pitman Publishing Corporation, 


New York 19, N. Y.; Sir Isaac Pitman and 


Sons, London, England, 1943. 
9 by 51/2 inches, cloth. (ESL.) 
These two volumes form an admirable 
reference book for engineers, designers, con- 
structors, 
selection and application of engineering 
materials. Volume 1, on ferrous metals, 
presents essential information on their proper- 
ties, composition, heat treatments, machin- 
ing, welding, and other subjects. Volume 2, 


Illustrated 


treats in similar fashion the nonferrous 


metals and alloys, plastics, rubber, and 
ceramics. The needs of aircraft and auto- 


and others concerned with the ~ 


mobile engineers especially have been kept — 


in mind. 


Ferrous Metallurgy, two volumes. Volume 
1—Introduction to Ferrous Metallurgy. 


484 pages. Volume 2—Manufacture and 
Fabrication of Steel. 487 pages. By E. 
J. Teichert. Second edition. McGraw— 


Hill Book Company, Inc., New York, N. Y., 
and London, England, 1944. Illustrated, 
81/2 by 5!/, inches, cloth, $4 each. (ESL.) 

The two books are part of a three-volume 


text based upon a correspondence course ~ 


given during recent years by Pennsylvania 
State College. 


and the manufacture of pig iron, cast iron, 
and wrought iron; volume 2, the manu- 
facture of steel and its primary fabrication. 
The books give an excellent up-to-date 
account of practice. 


General College Chemistry. By M. G. | 


Sneed and J. L. Maynard. D. Wan Nos- 
trand Company, Inc., New York, N. Y., 
1944. 861 pages, illustrated, 81/2 by 51/2 
inches, cloth, $3.75. (ESL.) 

This text is designed for a first-year course 
in college chemistry in which theory and 
descriptive matter are balanced carefully. 
Historical material is introduced, and statis- 
tical and industrial materials are used freely. 
The work aims to give the student the neces- 
sary preliminary information for a well- 
rounded training in chemistry. 


Graphical Solutions. By C. O. Mackey. 
Second edition. John Wiley and Sons, 
Inc., New York, N. Y.; Chapman.and Hall, 
London, England, 1944. 152 pages, illus- 
trated, 81/2 by 51/2 inches, cloth, $2.50. 
(ESL.) 

Further demand has made necessary the 
reprinting of this edition which appeared 
first in 1940. It provides a course of instruc- 
tion in the construction and application of 
curves, diagrams, and charts for the graphical 
and mechanical solution of engineering 
problems. The treatment is elementary 
and practical. 
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Volume 1 covers the funda- 
mental chemical and physical background — 


\ 


‘by R. S. Burington. 


Cockrell. 


Handbook of Chemistry. Compiled and 
edited by N. A. Lange. Fifth edition. 
Handbook Publishers, Sandusky, Ohio, 
1944. 2,092 pages, with an appendix of 
mathematical tables and formulas compiled 
Illustrated, 8 by, 
51/2 inches, fabrikoid, $6. (ESL.) 

The fact that five editions of this hand- 


book have been printed in ten years shows - 


that it has met a demand for a convenient 
collection of basic data on chemistry. The 
new edition has been revised throughout, 
many’ tables have been extended or re- 
written, and new tables have been added 
on flammable liquids, flame temperatures, 
plastics, fluorescent substances, and water 
for industrial use. 


Illustrated Technical Dictionary. Edited | 


by M. Newmark. Philosophical Library, 15 


-East 40th Street, New York, N. Y., 1944. 


352 pages, illustrated, 9!/, by 6 inches, 


cloth, $5. (ESL.) 


_ This dictionary defines a wide selection 
of terms, including many recent expressions, 
used in the applied sciences and in tech- 
‘nology. Special attention is giyen to those 
generally encountered in the curricula of 
_ technical and vocational schools. 
tions are infrequent and add little to the 
_ value of the book. The work will be useful 


Illustra- 


to students and mechanics. 


Industrial Electronic Control. 
McGraw-Hill Book Company, 


_ Inc., New York N. Y., and London, Eng- 
Laud: 1944, 247 pads) illustrated, 81/, by 


= 


51/, ancties: cloth, $2.50. (ESL.) 

The purpose of this book is to supply a 
basic working knowledge of electronic con- 
trol as a background for intelligent selling, 


installing, or servicing of electronic equip- 
ment. 
_ matically, the fundamentals. of electronic- 
_ tube operation and the basic control circuits. 
‘The book is especially for electrical engineers — 
with no previous experience with tubes, 
and radio servicemen interested in 1 electronic 


It describes, simply and nonmathe- 


service work, 


‘ Tron. and Steel in Britain 1870-1930. By 


4 


-T. H. Burnham and G. O. Hoskins. 
_ Allen and Unwin, London, England; dis- 


George 


tributed by W. W. Norton and Company, 
Inc., New York, N. Y., 1943. 352 pages, 


illustrated, 81/2 by 5!/2 aches. cloth, $7.50. 


(ESL.). 


In 1870 the British iron and steel industry — 
held first place in the world. 
_ ranked fourth, both in production and ex- 
ports. This volume studies the history of 


In 1930 it 


the industry during the interim in order to 


discover the factors responsible for this de-_ 


cline in position, and endeavors to appraise 
the part played by each, The book is an 
interesting carefully documented study. 


_Qne author is a metallurgist, the other an 


economist. 


Klystron Technical Manual. Published 
by the Sperry Gyroscope Company, Brook- 
lyn 1, N. Y., 1944. 94 pages, illustrated, 
91/, by 6 inches, cloth, limited free circula- 
tion. (ESL.) 

This manual describes the underlying 
principles of velocity-modulation tubes, 
rather than their applications. It brings 
together in simplified form the material 
hitherto available only in periodicals with 
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| information. 


By Wie De 


' tions to Aircraft. 


¥ 


“additional experimental ‘and teense 
A useful bibliography and — 
lists . of American and British patents are i! 


included. rans 


Materials and Processes. Edited by J. F. 


; Young. John Wiley and Sons, Inc., New — 


York, N. Y., 1944. 628 pages, illustrated, 
81/2 by 51/2 inches, cloth, $5. (ESL.) 
This book aims to present a broad study of 
the materials and manufacturing processes 
employed by engineering designers and thus 
to provide information directly useful in the 
selection of materials. It is intended for 


classroom use as well as for engineers who’ 


wish an over-all picture. The book is based 
on a course of lectures given in the advanced 
engineering program of the General Electric 


Company, peat Ney! 


Mathematical and Physical Principles of 
Engineering Analysis. By W. C. Johnson. 
McGraw-Hill Book Company, Inc., New 
York, N. Y., and London, England, 1944. 
346 pages, illustrated, 81/2 by 5 inches, 
cloth, $3. (ESL.) 

This book is the outgrowth of a recent 
course given at Princeton University. Its 
purpose is to present the physical and mathe- 
matical principles and methods of approach 


that underlie the analysis of many practical : 


engineering problems. The viewpoint is 
practical and utilitarian. Emphasis is 


placed upon physical concepts, the use. of Pe: 


assumptions, procedures in setting up equa- 


tions, the use of mathematics as a tool in 


accurate quantitative reasoning, and the 


- physical interpretation of mathematical 


results, 


Mathematiache Grundlagen der Quanten- 
mechanik, By J. von Neumann. Dover 
Publications, New York 16, N. Y., 1943. 


266 pages, illustrated, 91/2 by 6 inches, — 


cloth, $3.50. (ESL.) 

Neumann’s, ““Mathematical Bases of ‘Quan- 
tum Mechanics long has been esteemed by 
mathematicians. and physicists for its thor- 
ough logical development and discussion of 
the subject. The present American edition 
has been produced, in response to demand, 
under license by the Alien Property Cus- 
todian. The latest German edition is re- 
produced with the addition of a German- 
English glossary. 
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This circular is a summary of the data 
available on the strength and related .proper- 
ties, thermal expansion, and thermal and 
electric conductivities of ferrous and non- 
ferrous metals and alloys at normal, high, 
and low temperatures. Included are many 
metals and alloys which ordinarily are not 
considered as engineering materials. The 
data are presented in tables or graphs, and 
the source of each given. ° 
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